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4_Sj_>JI^ 4U. jJIj 4-glj._t xJlj 4jjt^JI 4-j>.ljVi JjLuj l 4 ^ .^jL_»_}!j 4K_U> Uh3 3 ^ a J-k-) ^ *<»■ ^>Ji 

^-^■3 UII JJ. .t.^-rt]| uk-> UUli J—3 LJ JjUu ^jLm3>JI ol_ U £jQ 4. & f-3U-3-xSLll 4_uljjjJl 

.4_uljjjJt 4^>_>JI ^3 43UoJlj 3 jJ-3J1j (Ja i3jl j ^jUioi! ij^3 ^-‘J: ) ^VUJij Tor^UC jjljjjJI 


jyx~a jXX ^k»JI cJ-A> Cjr 3 .4j^l^Ji 4 ^j>JI 4-lo$j 4_ ; o-^>-a3JI 3 U^j>JI j>_3aX- ^jL>JI ( Jx<a J aJl ^jLbj 
. g-Lj^-tti]l jj*a ^j-uLi-u! 4£j^JI 4a«.L3 j jj-i Uj i^-lj_3JI ^3 liS^Uu (j-*U 

lLd^^oIi^ i^SLuUtaV I 4-1U* 4_u_oL>iil ^Uu^-VI ^o3lC (J»U£LaJl j_J^l U ) 

U-S .3jU-aJIj 4-t S UjlSU l l 4ao.iiJ.UJlj 4 _uLU_}V 1 4aaiJa^Jl (jy 3 34 Al o! j jr^3 ^ ^a3j 

. 4,3 laa-J. 1 4 jj^J,I CjVULjuqj ^jUa-Vl ^ja3 L3 Cl>u ^Uo-Vi ^JSLl 3 ^o_t3 ^4_i3zt3j 

# * 

4j3 4Ij3ii 4£ja>Jt j{ 4 jJJ^oJI 4Sj->J1 4^_>J1 J_51 /jja LaaL>- Lc.jJ J-~“^' CaJloJI i J-uajaJl jJjLjjj 

>4 j 3 J j nJ-U ClWt ji3ji o!jij-3L4>ij t jJut A i —iU-J ju 4_S^__>Jl «jJi3 41 j_a| ^__)aOJ 4-Ua m jjj 

CjijJjoJlj 4jjl i3-i3l.l objj3il 4 JLx (JjLoj U^ . JJj 3-U ^jb^^SLll jUxJI J~*^3^3 4-iooaliUfl^SJ 1 CjLvjJUj 

.JjjJoJlj 4Ja_uouJl 4j34lj3il oLUjuXI 43llaj 4j^a-aaJl 


u 1 L^ 4 £j->- Jjl33-} L-4^ 4_U jl_>Jt QjjU 4ooljjJ j. a£ II . 


^j-iiU-5 (J-uaoiJI I JlA JjUu Juu .^JjjaoJ 4aJjja>Ji /jjjl_3 £ya L^>*l3J3o-oI t -3 -lSj (1630-1571) 

- fWi ‘i > -J JClx^c |Ua> |4jU 4 oj jl_>JI 43Uaj ja3ajJI 43U> t Jaj3ioll 4U,r.j ^IjtJl <__jJl^JI JojIj 






JStj • «31j oljUJi ^J-ILo jjljilj .L£L^al_b3 ! j j..nir, ^yx/alSJI JjLZb 

* 

^11 IILmlj 4_i^LcuJI jJjijJll J-u3_oJI I JjUUjj . Lulj) r ^A e \ Cu Jl V.3 j L^jLIj4_jLj_*_uo 4_jJuj 
l S L - a Lu3) 4^yj>* (JjLuj tilii Jt*_i . j-oloJI ^jsjjLjSj t4_fiLS3lj J^a-JtlL £-^La ^3LJi *iiail 

. 4jjIj_L1x-u^I 4J^Lcdj ^-la->JI t-jLiiiJ^lj Ijt^J 4_allL>JU CjLoI I yyAsu) 

I SLctflJuJ^I :Lul3 

yA 4 jj_J_>oVi 4 jlAz 1 \ (J7 ^s ^ 11 !! j^yl\ jJm. C. yA (Jj ir\a\\ (JT £ ^ <« all IjlA pL>- Ji 3 ^ 

jjlS 4 _>.j3j 5jl^y>J] 4 -l.4^ 4jjI^_>JI l^-i4 UjjJI £yj^>yc ^<w».dJl I juis J^Ll^j i<_ jL£JI 

(1888-1822) ^^y-jLiVi (1832-1796) y < » >j—aJl ^3 1 lm ^ju ( _ r i-c. ! jla 3 ^ in "J 

. l_jLoo_>- y 4jjI^_>JI CjWI jyLu Lr ic LaLfc 1^31 La-fcyii^ 9 

LijyAJ ^ylajfcj l_ 4 ^ 3jljx>JI CjL*»j3 ^xo j_a J^Lcba 3 Af, (jjoL-uJI yy>Ji ljufc Jjl 

J^LuJ - 4 _Jl>-S jJ! SJaLLxIl & 4rwj3 JiLo 4jj!^y>J( ISLyaLbjJ! ^Jl£. ,y£ 4^aJL>"u»U ol ^lln is\ alt LLi3.t 

JLa CjL>-jjJ all ^ju-ul.-gJsl Jjlxjj ^3 4jjlj_x>Ji l^LyaLujJJ ^^JLuaJI (jjjLill J «n oil Ijuk 

4 -iUs' —3 i^JLx1 0^*1 (J^t-XU 1 4^ . t ~ n ^ ^)-oi. J, 3 4J ^jyj) J <«1 «<t ^j-ul J 3-4^ 

^jy: !j-x>Jl 4x>.jjj JcaJi_iiaJl (j \j 4oJL 1U CjljLil! ^jyl^ L 4 -^ «^>l Jigt3 i ..^1 

4.3^11 ^L-u-^^U (^jl^_>JI jjjiXJl y c^ljUJ! 

£jjj| y\ 4 f\ ulfLi4 4 -^Uo ^1 jj^r 31 (. h..&y 4 jl>.i jJl 45LLail a j i3tC. j_jL_oil ^Ji-n 4 J1 JjLlu 

4jL3 j iI n~ij. 4^Hail tla3 ~>- j-Aj 4_jjl^j>Jl l^^LuJllJ (J_jVl ^j!311 ^JjLuj ^ 4 J . 4_^LLxll ^IjjI i j r a {J? ' 

4ju.«J 1q 4JUIS3I ^ 4_jjl^>Ji 4 bLLJI (JL^luj 3_>^ (4 31"< \ 

.4jjl^_>Ji l^lijjJl CjLiL^c. 3jl^_>Jlj J; 4 jjI^_>.! 1 


J^LmU jLiii 4 jj hjJl ^Jl^J Ld-Joj CjijLiii 4^j_>JI 4jj_i^_} j. ^i c ^JjLxj-j 

^^jjj_j>Jt ^3^4 1 It (JjLlIb tJ_d>j L^JJ) ~tSC .j (^jji >11 I 4 *t) ^ 3 ! isrCtiy ^31 ^ 1 uz. 

%\)3^3 ‘0^—t4_^l ]n 11 ^jL<_uJLU y 'y-~r-i 11J i4_iJ^JJ 4-x.Cj-LH t^JLui.1 )l_*H 

. jl_*J! t-l^c^nXI ^>31 jLJLij i<Lpj^_>Ji olx.^-cxJI 

1.311 f-y i/a H ^31 > i_jL_j£JI ^ya Jj^l ^ya j- j-^^ 1 yA y y. t\c- j_*-uLlll J_Lo_aJI 


Lr^3 4_Jl jJj_4 4jjIj—3k]| CjV ^\y ^yyJl-i)s ij 4jjlj_^>Ji l£La 4 UjjU ^Lili 

yxil Cil jl o* tl tJT B jyJt3 3 ^LUj^ 4_i-u^JLll 4_i_wjSLat]l tZjLtLjJtil ^ 

iy \ y&> 4jjiy->Ji Kj aljjjJJ ^-jLjJI jj^jLill 4 j ^l_>- La (J-*J 4 -jjn.^Jj) ’X31 \ jJaJJi 4_^_y^ -4 _«_o^a]I 

33Lj (jr^ OV-f La-^ .4 jLU ^3 4jL- 4 J-uo.3 qSL 4-1 V 4jjlj_>Ji o3?VI 3cL«iS 

Jj^/I ^jjLiii 1 4 iV> 4ioj_Lrt-4 <__^1 43xj1j (35^21 43LLJi \ .4 y i 4_ul 3 i^i «H 3l3jl ^Juu La •» 

.4jjI^>JI l^IyaLLi.lU 




Mechanics 


ijm 1 .. «. L_jj_*_<alt : J^JIJ 

d>lj : (jillJI ^JhOflJI 

OL^UI : OJtJl JjOAJI 

^-i JUt_i ^3 : e yi J**J! 

OuobJI JiafiJI 

cjLdLtjJoJj 4 _JjJI-lI! 4Sj_>JI : ^lOLuuJI ^JlOAll 

AS^fcll <L3(J ■t <7iT1 : gjludl JiAflil 

AiiLiaJ! tPauri.'v^ £xbjJ) 4£LL> : ^oljkJI Jifi^ll 

* \1.^>" TU 4j 4£>j_>JI : gUlttll JlOflJI 

CuLjJ^>i _4 J^>- |$-ujU>JI : ^Idl Jidflll 

4S^3«Ji <Lu>.j^>.uLlII 4£^>J! : ^UkC ^ilsJI 

(^SLullwV! : jUiC. ^iUll Jlfiflll 

; jAuC OJIjlII JlAAil 
lujbJI jjjli : jjiu£ gli^JI JiOfill 
IIuISLla : ^uC ^u<)lill JiOfijl 





Ljjlcj M cJaVT 
.03^11 ^ t i >l^11 ^Lplb 

Lli— loI 1972 <LL<_ij hJ-a 

^5ll 4 _uIj 20 {_yz * LIjLcL^J 

£_>« 1 ^ 1_ da a 

<<&$ i <^>11 1,1 gl ^l__jLj^_j l!ili 
Sjli^ La !j~i i n.a rf\ j ] jJv L3 

i>° 

(Don Mason/ The Stock 
Market and NASA) 



Physics and Measurement 


l Jifctf&SJt I jl& ,j 4*«Vtjlj 


Conversion of Units djl Jj^>o 5.1 

LjL)Li>»JI 6.1 

Estimates and Order- of- Magnitude 
Calculations 

2Uj-ud) f»L3j*Vl 7.1 


i JjIaJl j_olx4 1.1 

Standards of Length, Mass, and Time 

3.sUliU2£s.Uj2.1 
Building Blocks of Matter 

Denisty ^Q£ll 3.1 


Significant Figures SF 


Dimensional Analysis .sLsuVl Jj1?o 4.1 








tSkaUj tSuMSutl" JjVt * t) * bjuitt 


^_y< uj*jJI kjO-^il . 4_j_^ okukiJj 4jl oLb-^M-’° (jr^- ^E) J J11 J—<4-*J ^JLuJ! £_pa_>» Jka 

^gJuJ L^OjkO^i ) l 4-tA iibfi ^kko z^^Jil 4 3 A t uVl (J^itj^il 3- 0 4jJgS&>3 4 Jl£. 4k*jt 3-4> f.b^_to3J 

ob^ioj 4 a.•q-t~) Lr ^ 4-j m-LijJl ^Jt. 4 -xLlaX-coII c-^LacJUl t^-jLUj 3_ul 21 t ^ a j oL^Jaj 

. ^kallj ^£j b 2 i tbjj-j Lu Ujuqj JjL^JI tclil j i^LijJl 4 jlL i a jl&jj 


. (_p 3 jLO.ll IjL 4 ) SJjJ-jv- Cjb^-b. > 3 giV) 3 - <-^=- } 1 J 33-bJ-li 3I03LJIJ LAJj ksJiXc^ 

3)Jwi-J Vj).^ .ill jh£^\ 4 jj.la-L?t (3-^*° L4J33 id 4 Ju 3 t«o Jojjs O Coxi Jaii $ 4 j^ 1 oj J^LstJu 03-A^ oLsj! 

(1642- 1727) Isaac Newton 3454-4 1 ^.t 03 ^^21 4_£j^>Ji 

^Lojjv^/1 ^Jlc. 3 >b nV o^-lj 4 _}JsUi ‘jjLj.j-u* j-u-u 2 ! ^ku_>^l 4^3-a* 43 Ju l kt^aj 3 O C j-jLjJ! 3>kH 
O i-A jk l 4 —uaLisJ! 4 j i .i,iill k^ia-Jl ^juiSLaJI ( _ T icj . »3 .<J *21 4 ^.^_<_u 3 - 41 4 _uj-S 4 _c.^_t_oj 3^1uj i 3 *‘Xl 

0 Li>j,.uix 33-kil Jjlji ^3 (1879- 1955) Albert Einstein 351012 03-Jl 4b.^,l^j 

wile. 4 _f 3~>21 t 1 ^ jr B 4 _^- i/> kajl L^lklj 4 i^Ti a ^eJLjl C-i\-C.j t.uJl jJlC, 3.3J ( 3 ^ 3 -® (Jka ^Xl—uJi 

. 4 ^^>J i 4 -j^. b 2 V 3 -3- O 3k t (j- CuT a^ u I 4 jj>_bj 3 3^4 fb 3- 4 3 * *3 1 4 _iZ.^_t-u 3^° t r J 3-biJ ubj^u 

t^^LiJUj tob^JaJJl Jiu3 1 4 j& 4 i.g^i$21 g.Lj3 j i—£3 —*3 1900 (J^-^ c 3 ^_c. j <21 

. 4 ^ 4 <ijNl,<«/ojj-^Jl j 4 jj!j^ 2 ! IS-usLbjJlj * 4 j 5 vj<»^IS 2 I bLul^bil ijr s c-jjLstHlIj 3 1 - 3 !3-^i3 
4 j “\ i, i) 3 lS 2 t LSL-utfLi-U 33^3 ( 3*411 3-J33J _u ijr L c 4 jCj. c.«^L$Lll ^Lj3 j-^AJ oLal g-^j 

^ylr^JU /3 C^<U3 ♦ 4 ^-Abbj 3211 ^ <n 3.4 1 Jl^wI 3 3^ >• 4—<3 3 N U 

4 u/i^U L ljlM j 4 _u^^SLI 1 j 4 jjlj^>Ji \ S 4 .qLujJI ^k. 3^3 j.*m.c. 3>sIA1I 3 > 4 ll 2.1 oljjiajJ! 

? 

( _ ;? 3 ^£ocaJ (3*11 CajIS C^jJl ljufc /JjJ 9 <L>^ j. i"uC. 33-411 3» C 42 21 ^ jr b- 33b 5 ^ 

. 4JL3SL4 y 3! 4 _ 4 _j_S_i bai 4 _lLj_*J,I i—^ bc-Ji 


4 jl j. mill CjLj^Ioj 3'1-^ 1 4 33L1J ^ui>(3 3 <"ir j_i_uLijl 334H 4 jL^-J 4ojJ i_>Jt tb^—uili 03,3b 

s= ^ 

. 3^3JI3 {^lOua.U 4 _jjL_*lJ£Ji aLAI. 1 Lu-uL-ul 3l4j3-bJ.il 3 ^ 1-42 cJo-i .^£21 ISLutSboj 

Macroscopic 4-313^33-^1113 Microscopic 4-^3^3313X1 oVL>Jl cbLJb ^1 

. {^3 jJt 3 3J -UjX\ (jyXc: 4 - 3 Ll 3 _LjJl 3_a1 3b! 1 S M. ts-t 3J 3433*4X1 vLftl3l ..V,V '.' t;.i L.3IC. LLi-a ^QJ J-3 


OiloLokl 3 -^bj Lk 4 3 ^ gL-u^i ^uij-dllj 3 Jbt 3 ia.ll b.<«a..^.O 3 J 3 Oj £> \.v 4 i .4 kX*J 1 ^]-<J-*J 

^b^u-all 30 33-jjk i> 3-t-uoLJj -OV3J O-Sc—J1 uULuUi 3-^a 3—jjk 3J 5 -OOj>. 

4 JljJI (1) :4ia3-3tiXI Cj (33b jJ 1 3>s *.13 . 4 -<-gjJ^Jl ^k kJajlj i _ r Jw3J3_u-JI3 k-v3]3_uj>Jl3 t \ j 4^.113 

.4-tlkJl okj-tJI ok 333 J-J- 4 S 2 I (2) .3 o-^ll (_^k f Lua jJI 4^3 Jo 3 ijk 3 ^LjkJi ^Jl o 

0133X021 c>JJt> JJLq 3J I 3! • 4 \ jbll3 4,.j.<>l» 11 CjLsc-jVI ^ jkr.J <.<m {jr&j 3 J a t a okJkJil 33 - u ru (3) 









c_5j_i-u L^Lt^u^ 4 ^1 < ft" miU cjLsLiu^Vi o' *h*xJI q < o-^j ^iIclt. LU-^jfcja ^Ic. oUaLi^VIj 

. 4jj mi ill 4 3 JljL3j ^Jl>oj 3jLjI U3^ 

STANDARDS OF LENGTH, MASS AND TIME ^j3Sj~AJu&3\jl J^JI^-uU4 « Q.l 

o> 11' 1 ISLulSLJLl ^-o-s . L^u o lj LL^_jl3 <-A L~3 4mmLm! ol 4 JVju l^lc. 4-uLQmdi /^u!^311 

O' o-Cw i£Lul£LJ,l oy^-Vt cjL-^SJI . (T) o^O-Il^ (M) 4iuiJI^ (L) Jj_LJf (jt a> 4_l^uL_i_uV! uL^ 

. 1 Leu^ 1 CiLuiSUI <?ju& 4 j^ a_i L^-lc. ^_ojlj 

4Jlj 4> ^yLc. ^Jj) xJl JLj^j 1—3e—JL_>*V oi—ml J flli £-jLoj l j r £- j-ij-A .3 4jL~x ^ L Jj i l3j 

i-j£ia£ O^ 0^ 13] ^yi-*--Q liiLuk jj^/L-oll ufljJU O' Lt-l-lr. C_i_3tJ tOLmLl3.ll 

0- 4 >^j7u Ay 3 Jl_>. jJI ^y I *..a ^Jju V L£ 13] (Glitches) 8 O* 1 LlJ] Oo' ^>_>» ! 

i j^- a 2 j_a> JcLL>- ^LojjI O' j*-^ LuLmL^ aILJj ^lc. ^..lr. r» o^ 131 c£>>*' 4_p*L 
<JLlLj 3ju>-j cJ ulxo £Jb 2a3l_>Ji ^LdJjt O' fd*i i_3j_u_u3 <^IL<5 Jl3w!j ^JjJoJl jlu/i 

4—i l L .j .>. jljxIj 4_ii ^-L. ua^ju 4l3fLJI jL_*_^ 3 o^_5 ^LX 75 43lrX ^c2Lrt-m o^- Luj^xj 13] 
oLmlrnaJi ^ylaJU O' '—^ja/L-311 3 JL>.^J jLpjxVi O' iS ' • 4-LSvll 3(JLo 3 yi 75 4-llX Oj^J 

. 4 S^JpUL 11 4 fl.l3.^Q O^^' 0"° l^LcOI 4 L m' ^-) 

f 

.4 j I nLmt uLuLj 4h < CJlj (Jj LU ^_uLu: <L£.^_x4_j3t^a djjJk 1 Ur-ljj C7^J I960 ^Lc ^^^.3 

"System 4_t_mu^3 JL ^Jju SI) .o 1 jl^.j 1I SI ^yu^j ^^JiU ^Uaiil 4 -J.c. O-^l (^5il 
^yic 4 —t^l^—>- 3L^3 i^_3—a J 4j3SUlj j LH jl_t_*_^o ^LLuJl Ijla . (Internstionsl 

j>~ 

4U <t ,l^j 0^3 i SI ^lk;ll j-^LLLl, Meter, Kilogram and Second v_uj3il 

3juOj t (The Ampere) i } ^i" Electric Current ^^.^CIl jLpJl^ t (The Kelvin) o^ 5 j' 

"J^" Amount of Substance 3 jLI1 4 *(Candel) '4 _LjlL^'' Luminous Intensity 3^1_ 

. 0^>11J 4i3^JI^ JjLjL^J I-L34 {y-Uu C_3^i_a l^L-llSw^i JL! I n.,.„ljj (^aj . (The Mole) 

Length J^tsJt 

# 

^uJ O' jLJl IjUk ^ jJjLi ?1 jLa-< 3 O' Lc^m^o !j3l>ul t-dJL 4 j33LojO 1 120 4-L_u ^_y£ 
.^jUJl ^yJi jjjkO-U 4 x. 1 j 3 4 jL^j ^yll <l3j! 4_3 Lw o^ 4_3l_m_ll 4_3o ^^Lm3 3^jl_Jl The Yard 

cdUtt l.U ^jiy-A o *u \jJx J1 The Foot ^j_ 3JI 3 j^j 0^ (J^Wj 

^Jb J^LJl] jLulU LoJ_Ic. 1799 ^1-^ (jr*-^ ^*- A CmtL> 3 Jl^JI . j niT J-jIjJ1 

»1 mS ^L> o^ 1 4_3l_<_uXI o- 4 Q^ i-U 3j_o_c O- 4 D 10000000 4 jL.i t— 

. ( jmJjL 4_tJJu<5J jUl ulaiv jIjlLq! ^yiLi-mjl i 




(2La>t>sfcJt tSaitSLXt - JjVt 


<dijL>- fjjuiijJil 1 ^UaJil CjIJ-j lajz 0^3 j L - u xl j_^^{ ^_L_uJ! j-^z Ly^~ ( —■ i J-$* ^-^3 

jjJO I960 ^Lc. (jr^3 Lib .CjJ-jwj U-bl 4_j ,4-1 r 1 1 (JjbJi ^.I^i * a 

_ill 4 SLa_> _to ^j-c _t-b_3 ^bbjLgj Jl_l£- (j-Gjj) n -*l-a ^j-Cb^a^Lc. 4_sL<_u_U 4bl ^JLc 

SjjJ 4_j jju *__» 2 j^jtl]| ljui>.4bblj 4 _i_ulo <_L>^_Ju cj_>o L^jjJs {jt b Jb^_ib?c_x3 Platinum- Iridium 

' 1 ba aJ 1 ^ylc. i^> ><J1 ■* ^-ti! 4^1-^u-^.U 4«i5JLll l iA-i-^-11 t M-tnl 1 it il__j_i_u1 


qjz Cj lb. -i—«—t- ,t-uJ \ o oilbL.J! ct^J * ^ 1 x 11 t-jjlla U 1.4 j.uL-j .4 

j — 4->“Vl —H ^>.^J,i 16507763,73 ^jL *«u <ui ^bili ^^du-xll 

^yill 4.^1 iJLl 4_j( LT lc (m) ^Jiil cbu^_*3 j. J..C.I 1983 (^3 .(Krypton-86 ) ^•Ljl A<a-a 

cJu^jtbJ! I j-A ^jLa ^JLilLi^ .4_ulj 1/ 29979 Laj 1 ,.v^ a 4.gj^j 3jbi3 J^Lk. c^baJl 1 gx t~> <b 

stl (jjJu 1.1 J^ju>JI .299792458 m/s <.L* t .balL ill ,^3 g.j *^>11 4_£.j__i-u j, i i j 

.4_^LLl! 4_ixj\_Zl]I 


2UmLHi Jl^laVl ^%x\ '<Ll.lJj2Z3\ 1.1 JjJljJI 


(m)j>_ut 

a_si_uii 

9 x 10 25 

ifljljJta ijst-a Juul (^l (j^a 43Ltui,l 

2 x 10 22 

ojs^jz (_yz 

4x 10 16 

LLJJ L^U_CU$^^_l) ^QJ>v) <- 1 i 4^L*.« ti 

(Proxima Centauri) 

9.46 x 10 15 

4 i \ t s+» 4 < < ii 

1.50 x K) 11 

^J.u ^ b.i 1 1 ^ljl-4 t A tS\ ) 1 i tityuz 

3.48 x 10 8 

^-4-gJl ^-11 Ly^ 4^L<.tii> 1 i-lo-nj^Iua 

1.00 x 10 7 

^JLa_Luii t _a l^.SJ ! /_yi] g-i^Ib-o5?i 2^j>. 4 £>\.i «i.ll 

6.37 x 10 6 

I ^ L*i4 c 4 isz a iX^mu^jla 

9.1 x 10 1 

^JlIII Oj£ <^.4 1 \a o 

5 x 10' 3 

JjjJ.1 4jLj J^L 

~10“ 4 

jlo£: jjluzS <asc->- 

~10“ 5 

4-pJl CjLu1£JI ^Jgajua 4_tL>. 

~10' 10 

2ji jlas 

~10- 14 

5j jdl 2l_jj jJa3 

~10- 15 

a4i>4' 


C*D 





Mass 2tld£ll jLuw 


iLL$ <j| (j l £ . d£j-*ij The Kilogram (Kg) ^U < yt 2T&U jl j .»U 

<./■<!' 5Jaj.i.,■*■..a Platinum- Iridium ys 2< : ; ... 2 ^* 

j. j . «Tu 1887 j»Lc i _y ojljucj j<u jUxJll lx* i -rt>^ sevres 4jj_c« ya (jjjljllj Sail 

2_3tooij - l- i 2 - >o U5> (1.1 .-,1 1) 6 ja~uua aSUulj 3«sLc tj^-3 (1 a35U 2£Lu_^u ^jjUII Ijl& jlLo 

National Institute of Standards and Lu^yj-SUlIj ^USll ^jUli a ^ ».U :<yi a< : , ...t i „jm, ys 

. j?$ j±j> 41 $y Technology (NIST) 


( 2 - w .jjUj (^Ua) 2U . ll>« .a j* i m -v t J2S 2.1 JjO*. 


(kg)ansa( 


~10 52 

Visible Universe <^>11 |<JUJI 

7 x 10 41 

Milky Way Galaxy ijM 

1.99 x 10 30 

Sun ^ptA-cull 

5.98 x 10 24 

Earth o^jVl 

7.36 x 10 22 

Moon j-aUIl 

~10 3 

Hourse ^L^uJI 

~10 2 

Human jjLujNI 

-lO’ 1 

Frog 4-g.^rt 

~10' 5 

Mosquito 4_t2a^u 

~io - 15 

Bactirium o<4l 

1.67 x 1 O' 27 

Hydrogen Atom 3jj 

9.11 x 10‘ 31 

Electron 


1 ^ 2.1 (JjjLj>dl 

<UU>dl ^1 t n"fc»5ll y^JLJ 

Time<jj<»jdljLuL4 

I960 ^U. (3^3 

fL*d * -ni l da-L^/J ) ~ l a jjj^lo 

j'S ^ i... rt w.tt .U...j" a . 1900 

aj-JI JajjjJL* (j-a /ib /JL'j (_L) <Ul ^,1^- 

t t _V60/ l60) 124/ 

L Uj'SI obj- 5 jt 6^1 < -Aj>*-0 0^3 • , ‘‘ i I I 

t * 

(j 3 ^}^ udJjJj L)~' a >^l 1 k\i * u 3 J J * ~j 

Lfrsl. Jiie-t mV 4-Sj>_>J 1 d» JuA 

jLjJUQ 

4 3 iUiil Cj_ 2 j— c. 1967 4_L_u 

4u2,CjJIj uJS^ju ~v 4 _j.aLlLo 43 Ju 


Ju^3 43Ju 4 Ljjuq 4jj3 CjVLuIuV 4_luv1j-^1I CjI (JujLlS 3^ w <W jl_^_>Jl I JlA 1. lb jSlilu) 4 jj jJI 

A j r, I 1967 4J_ l _tr ^3 uiiJjJj . 4_L_u 30000 4 J ilu 3* Uaiw J^L*_j \jJbj 10^ £ya *j ^Jl 

Cesium Atom >»!! olj jJ tSecond. 4_j_ili]| ‘^3^3 ^ SI cul^ju^ 

3j-j» 9192631770 ^jL<_u3 L^j! u3j_ju (S) 4-uLill ^3-^3^ ^^-^3 * 4-jjC.c. 4-c.L*^ 

4jj jJI oLiLuJi <>ju4i JojL^Jj * Cesium- 133 1 5j3 3 ^ c-jJljjgJ 

if 

LuLuiLi_uJ {jr i \^ybij i. 4u>>i 3 ^ ULp .1 4j>3 13^-4 Jud! cjIc-L^j 4_joL<iJi oLc.LuJ! 3 ^ 

(jyj l3Luo! ^*3 ^9 ^Lc. ^ ^ 4 .3jl_jS j^Laj ^jlAj leapseconds 4laj)l^ m ^ o <.«n 

.^Lc, 3^ (J»g I < jy 3 3^-tAdJt (JloJ (jT^d 4-<-a-t-l^J I 4-Lm-ll ^Lul 4_t^Lu3l L^lji J-tAli 





.20 (jr A^-n}\ ^jLj j lU (LiLJI 1.1 pSLuJ) 

t L-i-uJ y£> 4jaj. a =»i*a {£j\ .jJtJLl fl^jJLft]! ^jjc <Uj_j_3_} 

« A n Lr c^-Zl}\ {J7 Jb £ Jlj-A ^^y^JaU uoo Cti -I ^a 

.(Nisi) a^izaij 

jl_^_>Jl Ij_& .NIST jJ! 4 -c.LiiJI (^13 <.J1 ijy 

4 _ijLjJI ^-o f-j-A- 05 ^ 4 ^ (l )'' 1 fr 3 -> ‘ c£.$t^uj C-O^jl ijr 3 V la->Jl Jjtjej 

i j r A £_j^_uaa_J ^Ic. 

(Courtesy of National Institute of Standards and Technology, U.S. 




CjIyirtH ^)_ul_t.aII ^_ljuo Ij <LuoL*hJI 4_lj_4_u_xJ 1 j 4_4LlJI 4_u_cu_Lll QOj^ <.11 Q-OOiOi 01 

4_j_LojJI SjuloJI (j-uLjii 4_>3 jO-" 11 , U 4_C.l^aii 4£^_>Jl 4iU p>a c_ip_*j pI i_ i iL~wj 4_u_o^JI 
^J^jv 4-ic.Ui^>.II jL^VLj 4-jjjJi cjLc.L<_ uJI pl^ < t - i - j - u -M Ijl^J 1 4x.Li_aII pLi^^M 

. 3 Jj2,l x a II ^llOc_C C05> ! jj 4_0L^ 4-SJU clIjLiO^Q JliJl>U t n,l pi pl^-U JLjJLaO] ^JLftJI 


SI CjIjl>-^J 1 ^Ltu ^1\ aOLlO VLi (3.1) JjJL^Ji ,^0 3 J4_j_uajJI ol^Iuiil » 1 1 4_j_u^_njJl ^<u3Jt 
^li^iJl ^-^oj pi-p^Vl ^..i British Engineering System ^LkJl jlj L* 

. p_« SI ^Ua.x.11 j-l °i ^yA ^upJ! (jyic. cjLjV^JI (^$ j A 3"I ! 

.l_*_uj_jJ( (jjlc ^jjLUIj Foot (FT) ^jJLH pwajJij 4fcS!Ilv*ll 1 _u*> cjr s 

4_t>uijj UslJuig.'i.i-al ijr LMjJ^\ pj jl -vjVI ^UaJjl CjI^ jOtJLcuj Oj-m c-jLjSJI ljufc (jr^3 


CD 




GD 


^wLyih 3 c :^}eVt Jn-irtTl 




5 x 10 17 

OJ^* 1 

1.3 x 10 i7 


6.3 x I0 8 

^yjusL^Jl c—<JLLdl y ■$£. d^Lq 

3.16 X 10 7 

o Ju^lj 4 _L_j 

8.46 x 10 4 

(LiSij3^3 ,_4aj>U Sjjj i>«3) j»jJ 

8 x 10- 1 

4 i», ula> 11 <—JLall oLj. ±s> j^ojJi 

~10' 3 

"ryj^y j ^<.*J. 1 4_u^uol 1 CjLx^xJJ jJi 

~io - 6 

jjjljJl diLvjl (jjajJI 

~io - 13 

y\y~L& S $ iS^)3^\ 

~10' 15 

s-y i^ill diLv^i, 

~10- 22 

i_£_9>4i f-4 <'->*41 Cy>j 

~10- 24 

U>*JLH J>4- Lr* 1 <-J) 1 '-'^ 0jAU (jjsjJl 


SI 4t (^tjjKt) U)tiJl>fc4 4.1 JjjLaJi 


Power 3>an 

Prefex 

Abbreviation > 

lO' 24 

Yocto 

y 

10 - 2 ' 

Zepto 

z 

10-18 

Atto 

a 

10- 15 

Femto 

f 

10" i2 

Pico 

P 

10' 9 

Nano 

n 

10* 6 

Micro 

(i 

10- 3 

Milii 

m 

10 2 

Centi 

c 

10- ! 

Deci 

d 

10 1 

Deko 

da 

10 3 

Kilo 

k 

10 6 

Mega 

M 

10 9 

Giga 

G 

10 12 

Tero 

T 

10 15 

Peto 

P 

10 18 

Exa 

E 

10 21 

Zetta 

Z 

10 24 

Yotta 

Y 


SI Oij_{_^JI 4_si_liayijj 

f !^ jJLSJIj J. -. ai 5 . .„,i_u,Vl 

s' 

^IjL .->■■ -G i ul j 1 L ll SL <u 4__ul_JlIl^ 
^_iUj j.J}^-i..Lo ! di! j-_>- <y 

<iua -v. Nanoseconds 4_uli 

Jwl— aII (JfM 1 (jyd] J -J-^Li ^-1X1 

, 3 ^Jt I 4j jj> x G> l 1 y 3j-Xiir. 

<Lo jL-jr~<.t.ti U £^5 ^jG\» 1 

,^3 <UaJ_a U>3 3 _aja J-^J.1 j 

10" 3 m MiU-s 4.1 Jjjc>JI 
Jiuj 10 3 mj (mm) 1 

.(Km) yia 


1 j(g)fb->- 10 3 >a lKg 

CjJj-s 10 6 jjt (MV) cJ^_sLs 


•(V) 




I ISL^LuJjlj ISLulSLil - J$Ylc_^3tJt) cUj-uiJ) 


3.5111 4L& «.U_i x, 

THE BUILDING BLOCKS OF MATTER 


t> jJl : 






Quark 

composition 
of a proton 


Proton 


Gold 

nucleus 


Nucleus 


Gold 

atoms 


Gold 

cube 


4_1| j g.11 Llib r. a 2.1 {JSLuill 
4 j ♦ J lUU aaLU ~M . 44 U.I 
aljj ajj JS djlji 

3 ii>La>u 4-a^sJ^l 

cjLjjjj> —jJi -j jSLjjj . _ j_ jj 

dl\ {_yA dlLjj J _|_tJ ij 

^ oljj.5.* ’’Quarks” 


4..,».h>> JjL>j >- j.l.o.£ 1 4_3_iu-S> (. r 

C— 4-AJ 4_j i J, ~i 1 — L --L . 4. 0 ^Jll-4-1 V C— i Jc_A C-. uA . 3.73 CHI 

> 

<Jii_j (JAj2 — ucu ^Jj c_uOuii ^-Jn.3 13] —3 QjJo jl J—>Ji 

. 4-tL^Jl 43JL>. ^2i <_^yjLc^L l ! U ^ t (jlfit I~i3! 1 

9 

^ij ~Oy-A *3 ! 3j_^s q!*< *K-3H Cuu4ii jl OJl^J l3La 

Jiua SLojIj 1 i AJ jjl-u^VLs jjlo-o^/1 j_La_dJI Qj£o <_3jj_u Jjfc S4 jI_£jVLq 
£^J-A /j-'Q QlJjl .(JjljVl 4 ii 1 .il^La (_yJl J^v>i 4,,iu-i.i^i aJUSi 

q! S^SLa >L> aj Democritus Leucippus 4- i .^QUJt 

aJL& iJiLo Ql Jl£j .4j1_4jVLo t u 57,11 Ijjfc (JLa j a " ■ n_i 

.4jc_lLuu Ljjv ^jJj La Jcic. L gJ I> - t—3j_<_u 4 _jLo-*JI 

.(^<w iut-Hii JjLs j_j_L) "Not Sliceable” (jr 3j > ^Vlj Atoms 4_oK 
_ >0 Lj£._> . (3j3) Atoms 4jj—LL> oV! 4 —aIX1 1 cj*3—^ L<_a q-«j 

-iijJJ ,*-a-a->- Qj£u . 3jUU l, 4,La-C . a 4 -juxQ->3 

31jj Jj_>. j^-Lj CjUjj _liSLil 3j3 4dilj3 ^j-* 3 *Lpt— 

l_^J (JjA 191 1 (jr& t—3Liu^l u3lJ VJ 

oUjSLa SoLg j t u ->J j_a->u JjvIj Lj-^ 3l^lll JjA ^ yJj».x u Sc-cj^j 
iloA L-Lq^j ur^*- ^ 3l^xll 

c-3 ^3 l—oJ—cl —lju 4 jj. hi! ^3j-a-s 1930s CjLLu^LJiil 

^rU^SLa {JT 1^: L^Lviju 31^111 q! aLci*Ji JJiov .3ljJJi c-3 j is \Ti 

Cj 11 sc t'u J-0-3CJ j . CjLj^3j) l-a. A ^-u-u-Lt-a ( 

IJlAj . 3ljJJl ( jr 3 oU^3jj-jJ! JJulj j -ca i ^oL>. j t^'iC 4— 

^;»U (Atomic Number) ^jjJ! ^a-jJL ^ jjuotil 
clil jjj) Jovlj ^yi>o 3j3 3l jj JLX1 } i - u 

^^1 c. 3j 3 t( 1 j-j-^li (^j3Xi qLb 

92 ^j_uijj_JI 3jj (^j *1 ~>oj t(2 ^jjJl 4J—*J1) Qi-jjjjjo 

clitlA ^jjJi _>Jl Jtl\ 43L^VLj .(92 (,5jj3l 4 JjJI) 

.(Mass Number) 11 jj uJi j_aj 3jjJl 3 _goj 

3Jljl! 1 (jl 1—3J Ii.<j . 3!jjJl ^3 CjUj^o <5-0.1 i j oLjJj > .--ll DJ-C ^o ! 






GD 


(^ i) j>-*- * - ~m (ji O^f 4 llX 1 1 Ji_LC (j-JujY oU^J^>_JI -5JX. (jt j^-tJLA-i] 1 J.i*juft! J^O-UU j^jjJ! 

4 h 1~ -*_A 4 jil 5> _}Ijl£.1 QJ-J->Q >1 J&\ jt O^ji • Q-jjlIj oUjj^Jj_uii «5 Jl£, (jt 

. 1 


4jX ^Jjljtj 4ilX 4jj 4,a t <7u ^-u-J . 1932 ^3 4 .«.j-uL>- 4_aj^.lgj Q3>o CjLj i 

. I ^ aj j_4 3i^xJi LiL dLu 4jj^k, 3-iLiX ^hJ-> 43? 4_j_<_tiL<^j^l $JljI^ J^>. 0 . 

uoj (jl (^^3 4_u>-j_U CjII^UI £yu j-SLuJI 3^9 l-a-l ,i .hIIj i3l^_xJI 3 J^_>-^a J-}^- ^ B^j^-lLII O-iiX i jL3 

. 31 isr\ 'n x a z l>! 31^jJI 


O^Cu CjUjjj^-ujlj CjU^jjsj^J! (jVi u3jjjua SjLi^jVi ^JlC. t., < u «i 1 I Jj 4> ijuk o^3j) 

^ylllla "Quarks oL4-^a^JI 0^ 4^al3_3t_‘3 f-J! 43. i u 00^*3 CjI.q J , 1|_^J1 ^_yz 4x. 

‘'Bottom” £ 12 $ "Sharm” j ^-^3 "Strang” 2'Down” "Up” ^^k.! c^k^i 

1 <iLu 034 jj_J 1 4j^t_t!o o-* £+ 2/3) 4ktko l^i jsx -lm 1 ij 4-4-SJ1 j "Top 5 

i-iJjljX d^uji O '* 3 Q ^To j 4j_>-_Jli 0- c (“^ 3 ) 4Jjc-2u L 4 J £4*9^ u-x-j^C-j Qki-ul CjL£j!^SJI 

<Lsr J >• 4 ;^ All ^kaj diJ3 01 4J>1 < OLH l 4 ^ X.4 t_3 (2. 1 jJC/lJl) Qka-ol CT^ l 

4.1^ 2,1 ^ U,j 1 g.i T . j -4-rz- a j (jr^-1 (JuLl^I 0 ^^ O^ 3 03J ^ JaiLj -O^J^-kJ 


.jJluo 1_AjJ3 


DENSITY 


4jy4-->o Lo 4l^ L^j) ^.k c_Sj>_*3j (Roh jj Qkin t—fijjv) p 3jLo ^I ^^ajLuaiw 0 -* 

#= 

3jL>.^j d.l’Xllj Lajld d-lc ^jJlj 3jL>-J (jr £ 3dli! 




m 

7 


( 1 . 1 ) 


4 «U 4 edJjJj * 11.3 g/cm 3 4 ^li^ 4 j 2.70 g/cm 3 4012^ 4 J ^^ jia^jVl yi\ 

113g 44 J o^e _ uo ^ 33 ^ 3 lSLU ^c- 3 e_j>Ji l 4 -.Ln 27.09 41“<X L^i 10.0 cm 3 >Ji ol3 


. 4-^-7l~^-/Q 43trX-U ^j3 5.1 


^,3 j Atomic Mass 3j jji 4 J 3 X i_35U_>-V 4^-...tl> !j 43 I 1 X ov 

7-^° j- J. 1 .11 O^ 5 4_LiC 3 Jl^v.1 $ 4IX cLaj-o^Xa j_A ^uaJjkJ ^,13X31 JJljlII . ^£j>_r>JI 

41X111 3 Jo-^Jlj . 4j> jikJl /^yjSi 4 j45v-U 4 j_<_u 3J1 <j-oi 2 J ^yJb j-j! lr> ill 4_j_X 4 i < ni C^j-v <^.jtll jjlilxj 

4 UX.H ,U= 1.6605402X 10 ~ 27 Kg c.j_^ * Atomic Mass Unit (U) 4 jjjl 1 I 4 ±XJI 3 j_=wj ^ 4 ->j 4 J 1 
207U/ 27.0U= 7.67 4jj jJI aiiXJi 4 > <</> 1 > 27.0 U 207 U 4j^jJl 

43 LJLI ^ u_2>LL^5fi o^ (11.3g/cm 3 )/ (2.70g/cm 3 )= 4.19 cjlblilil 4 Jix^ L 4 J 

• o^3W 3 Crystal ^jjJI <-^_u^jJ1j diljjJI o^. } 



I ISLuLLUty ISLutSLXl - I) cU^u^t 


^ ^C i_Ji^-j l_o LjJL c.j * 12 ^i 3j 3 ^-jiaj 3j^_j 4 l3_5> ^j 4 _l f.<jJJb 3 13 JJ 1 ciij.5v L33 
^IjlC .1 oUjpjj-i A'ij.u I 4 I ^ 3 ^. VI jJiLLilli^ tOUjj3Lu <Cu~uo 4lLuu 4J I Juk 

J ^KJ 1 J) Jusji (j I C_i_i_>- . 3 j jjj I Cjb^JjJtwfl ^-jL3 3jjJI UJ3 ^ * * LlLoX-J . ^ Cj ljJI ^yO 4, 3.i~l3E_-4 

. IU 4Jl^ 4 ] 1 {yA ij^ t. K .\ i>t lb 12U 4ji ^ic. t-Jij-AJ !2 C 

Cjlj3) oLft-ju JU. >J 1 l j r a J_L£. ^ 30*0 3^UI 4 xa_£ 431 t _ ; 5 r Lc. 3 jsLx ^j -^3 (mol) Jj-a 

^o-Tl^c-Ja < 1 2 3 -iLxi t j^ Q I 2 g 3j^^il CjljjJl JJLC. t j3Lxj 3 ! CjLuj^ 3 ] 

^b .3 . B 1 3^La ,j->o wL>-l ^ J 3-4 ( _ r 3 3ji^_>.j_U CjI 43 < o 3 JI JuX-£: (jr i £ - A 3jiil jj -4 3 JI J 3 JU 

t jja J y~A 3^3_>3_U OtjjJI JJu^L ^^ix. ^ 3 - 1 x 43 ] VI (J,-A Jl_sdj J 3-4 (JLoJLl Jj r Ml 


2ulL1jk 4 alj*5.1 JjO^I 


Denisty P (10 3 Kg/ m 3 )iaUsai 

Substance SjUi 

19.3 

l—cA j 

18.7 


11.3 


8.92 


7.86 

j-ijo. 

2.7 


1.75 

tj.atr.Lq 

1.00 

! 

^Lj 

0.0012 



N a j Avogardro’s Number jjjiU. 3^1 ^jl*j uaj^m ojuJI 1 1& <j! cjjb*aJl o^bjl j ^3 
N a = 6.022137X 10 23 Particles/ mol 


La 3 of .3 , Jaj^uaJb 12g 4 i 3 £ 4 l Carbon-12 1 mol 43 f ^Jx jjx dJJ3 

tjiili j 3 1 1 n 1 6 ^ I 3 .it a U 4_jjjJi alrAli ^V 1 mol 3 ^ 3 ^ 31 ! 4 11 

Molar Mass ^Jjil 4333 J 3 - 4 J 3 ) 55..85g ^jL^j 4 ii^ aJ (55.85U ojs^) 

molar ^ 3 X 1 4333 ) 207g 4 li_^ 4 J (207U = Cy L&11 ^jL_jtll) ^L^jJI ^ lmol 3 t (55.85g/mol yt> 

Sji JSJ 4 ±iS 2 l <jy ,tjy lmol y fULLjus*- 6.02x 10 23 j^-jj <l.( 6j>j .(207 g/mol _^a> mass 


Sjoll 4iZ m atom = 


molar mass 


( 2 . 1 ) 


( 3 t) 



(Jwuatl 


55.85 g/mol 
6.02 x lO^atoms/moi 


: ( _ ;r A jujl>JI 3jj 4jj$ JliUI jjj 11 ii 
= 9.28 x 10 23 g/atom 

L_LsSm Ljlj jjl ^ JLC (OS 1.1 JH4 


5<_i »5 11 iaji 1 3ji ^ .0.20 cm-' 4l (2.7g/ cm^ 433lii£) l jjo t..i *_^jtS2a 

• U-A i.i afS HI 4Jh^ (j-^1 ^JSLl 4.13 ^ 11 (£$Laj 43bSJI (ji citjjx 

m= pV= (2.7g/ cm 3 ) (0.20 cm 3 )= 0.54g 

4 3 j 3->- ^1, t V~ i nL in 11 Lilli I V* i n t (jl (jja 4l~ < Ctl aJuSi l _ y B N CjljjJI J_l£. Jl»iJ (_j5J 

:6.02x 10“ 3 atoms (27g) i jj-a jo-!j jl 


27 g 0.54 g 
6.02 x 10 23 atoms 


0.54 g 


AT = (0-54 g)(6.° 2 ■< 10 atoms) = , x 10 » atonls 


DIMENSIONAL ANALYSIS jLju'YI J_*Jbu v .4.1 

# 

^.ol—4 3.x ilo Jj 3 L^j! ♦ pljj— ur i( ^yJju a L$I Dimension <Lc- 1 5^ 

. 4_bLl^_<q J1^3 L$J VJ ^wL-^Jl JjIaJI 3j_>.^ ^j-oLoj 4_al ui U (jt (j-a 

. t i y A d4 l 4 1 . ^lt — 4_ijLj^_uiJI < L> t 1 t l —JlAjJI 

T y <M j t L <_jLjSLII Ijl_a I ^ a.i V’j m> I 

* # * 

J —C^Ji ^LlLg-J3 4_l5Lj^__J_3 4 ^LjuI {yC. y 1.« A [ ] 1 ul Lx. ^ " i < u 1 <— hy - i- u j ♦ l 

jIaj i y^\ JLU^j . [V]= L/T (■■ <7 n > <ic.j_<-uJI JutjJ Ij^qj (jr^3 V j-A c-itaSJI ljL4> (jr ^ 4-gj. <«H <LaJL ^JL .« j 
4_jJ Jod 4A-arr tllj *4x.j_*_<Jij t4jvL_uJU jLui «[ A] = j-& A W «4j>.LuiXl 

.6.1 er^ 

t 4JL^_IaJ! ^.Juk ill 4 j^3o 3,1 jrt xs 4_3j^io J-^-^3 j tL1 JjL_u^c jj^>- (jr^J 

f i 

1 'j U ■>■ j ^JUuxll (JJLst "ilLCjV^mi sl^3 ->J r~l -l! ->■ Vi (J-J-OJ JUlLuaJ L_3 ^_u t L^lj ^ Jcj g . 1 .* .ttJ /)! i— 

' 4 .4j^wJJ>JI Cit-u^XH jJj-iQ \ $2 ->JL-juq (J^-33 4 a -ua»J 1 

f ( ^47^ liiJj 3j5t^- • jLu^I (jjloj I 4 ! cluI^ list o U a5 ^__>L jl iaLusi 



(4j>( \Suu*L ujJIj tSLulSLM - *>*f f) *Lsjutfl 


3 Jail Mf.fl.U ^Juujl ^*1 J-SsILml >4l^jj a ill £jui> 4 juLLc_ 1J . jLuVi 

jLjuVI t jl ^ b3 4 4xfc_txt_u3 03^ 6 5 Vj£_4j,j . 4x*-.t.-a- (j^3 CjI^. j j.t.Ttll ^ S si> y .-■ -Js 

.4jjUIl t _ r ojL>. ---••'•J 


(^■l^iitl) ^jLluoJIj fj I j / 4 juLui 6.1 Jj Ju>tJl 


System 

Area 

(L 2 ) 

Volume 

(L 3 ) 

Speed 

(IVY) 

Acceleration 

(L/Y 2 ) 

SI 

m 2 

m 3 

m/s 

m/s 2 

British engineering 

ft 2 

ft 3 

ft/s 

ft/s 2 


I jit 3>-^3 ut^ j t4^Lfagj»ll 4 _*_j_uo J^LalUL! ^3 L-iX.j>-j cii_j! ; 4 JLj^_LxII oJ^Jb J 3 

^ j^r *^ill ^-L-L p i 1 jjl <? H ^5 Jlj>o t_3 y-u 3 . £? CJjIj £-jL_ujj o£jx>u <) ^jjSb-uJI 3 jLl<-iJ 1 CjIJj 

X 4_uo^Lli . 3 —A —L JL a Jl IjLA 4— zk—u ^ jl jLju^I (J_lL>o aJl 3: ~t m) ^jVlj . = _L^/^ 3 -A 

\ # t \ 2 

4-x^JI (jj£j <jl jLaj^I 4^t_LXt_<-o 4J jL*_U Cr ^3 *(^ 3 ^ 4l21J L^J j-cuJ^fi i—3 

iL/T^ oi.j.11 JsLjlj^/ 1 4 U < t*ljJ jLjuVI jl j~< t.I .i jj» ‘1 (jl LiiSJ-ij . LUul (J^LaJI juu LJ (jxjV! 

• (jr* x = — at 2 jUjVI (jjii (jl (jJ*^ SJjUI (^ T (j-^J-Itj 

2 

L = = L 

VP 2 - 

. JjlaJt Cjljovj dJ^Iuj (JV ^ 0 3 -* <■ ^ *La.<Vt 4 ju^J 11 ^jJI Ci! Jxvj 

c *= 

jJ^LtoJl {jy-Lc- J-Ujt3 ^AaJ.Ttoi jLuV! ^Jiitlu-uj Laj^c yi £! <LeLc. 4_3j^-La^3 


X a a n t n 


lit «-La-3-5 4a -»• ts> 4^>LJl ^ 3^3 i^-ul ill! ^Jl ^ L,^ m j >3 c-aJcj (J-oj-uI ITI 3 Jl Dj^ 

CjI Jxvj ijj£i ij\ C-Odj t i _ r A J—u^Jall dil J—>-j (jl <±<J -WJ .3j^_>-ij (>ajL>Jl jLxjI 

# j 

t(jI (_£) LOjI (J_jlaJI fjjjb (j-4J^?i i_3ja]i 

[a n t m ] = L= LT° 

: (jr Lc. (Jj^ajau T jjt (j^)J! J-»jj L/ T 2 (_yA ^jL,u3l jLul (jl 

^ JL\ x 1 " - L 1 

\T 2 ) ’ 

L n T m-2n _ L 1 

Ct>j jLju^JI 4JjLa> 3 3)j—^ < n4 (j^_ju}L>Ji SJuvIj jj? 4_xtJ T j L (jj 0-j->>3 

.X <x at 2 ^1 J^aj x a a n t m (_^L^Vl j. ^ ».*<!! ^Jl ,m=2 j <n=l j .m- 2n= 0 Jsj_A!l 

4 J (JjjjI Jlj*]I O^J-x = —at^OJ^-* ITT I tt y-ill Jilt ~tl (j£. 2 4 O I Cl 1 i_iiL2ej 4_ ?r <~*<! i oiX& 

2 2 ' " _ ( 

.(_$JuLjiil (JairejJl ^1, >■>" i »U 4 ij t«~i! (jjja XLlA (_>»ut! jCjIJjvj 





c-tx^LuJi 4^JJLJtji 4^-o^aJl iiJL.L>Aj -j! ^LjuVI jJoL^u £>l : 1 Lv>- 

*l£>^ 


. <Ll La^J I 5^uit I tj} L <.uJ I Cl & cuJ ! ^Jii-4-i 


V C. 


tiU ±\jla J-i L > o 2.1 Jlla 

I LjutJ -^-XPc-L^s V= (7/ ^-UJtxll <jl ^J-U 


:q! 1.6 J^Jl>JI Ju>«j 4x.j_»_iJ! Jk->J 4 .^<«i/1U J^>JI 

L 


[v] = 


: lt a at ^IajI jLuV L / T 2 I mI^hj 

[at] = 

JjU- ^-C«u-o j>_lC- LjUu V— <7t 2 ^^lc. ^-l.Jslt.l 1 ^Inf- 1 i j] ^ 


/_LW) - L 
\T*r } t 


i ^jpa Ijl^Jj 


^-cLkj 3.1 JLu 


r Lb^la£ i a is\i 3jj!^ V 4 <; l\~i 1 -o 4_c.^._<.uj -a- *n ^_a_<_u_> 2 # ^-jl <.» ill £jl Lt^-_j->4 L_j1 I 

$171 j n 4-4a^ ^alxLmj l_ aJ& - V^ La (joiV 4j£.^i5^_<a Vj F 11 ^>^^3 La t _^u^ F ^c, c^jkLuj 

^>£xJ <1 JlLLj LoLJ) 

a= kr 11 v m 

^ji t,.oej _}L*j^/! 4jjL*_d £jt ^j-i V J if J id -iLul 4 £j-*-*jj . 4i jIajIV CLoIj k (iu> 
L/T 2 = L n (L/T) m = L n+ni /T m 

: i-La^^wJc J 1 0ji_& C^>u 4 JjLlM ^Juk (j^-u 

n + m= l_$m = 2 

: ( _ r L LiS> .ujl ^ - ujlj 4jL<£ H— -1 dlijJj 


, 1 •» r V 

a = kr v* = k — 

r * 

lji K=1 <j! t_3^_«-u 4^1aIuJLl 4 j^jIjJI 4^->JI }L».i (jii^Lu La jJi C .^ 


CjIjlvj 4_C.j_<4J3e_<s 1 

<7 Jo^3 <j_L( 1 aLu Km/h ol juat /J-^ y.u ^ c^iLS Li! 1 ^jLctuV jl^ K CxjliJ!^ , 4 ,i <» Llx 


Jl>- 


tSojlSutt - JjVt*>Jt) *b«i» 
CONVERSION OF UNITS Jj^>u ^5.1 

jillaj (j-u (J^aLc. jalio-i Cj|jC2.jJi Jj-*-) jl (jt -i a.Vi 1 _^Vi»j ^3 (_gjjj. -J-iJI 

: ( _ y L Lai (Jjlali 1 ^jlf i_SjL«IlU SI Cj!ji3.J 

1 mi= 1609m =1.609 Km 1 ft = 0.3048m = 30.48cm 

lm = 39.37in. = 3.281 ft 1 in .= 0.0254m = 2.54cm (exactly) 

CjLusSJ! jjila ‘iLaLt-o (^SLsj . A (Jjtil! ^^3 L&Ju>o q&as (J,2ae.~ll J^al^c. 

^1 15.0 in _>o ju^_i Lfit ( _ > i3j_31 iJLim l ^.. -tjb. ■»,} o-^ui L 

t(j1 J^>oj tJaa2.54 Cm 4 _j I iJ7 J LC: (<U^^j} 1 in <jj cux>>^ ♦ Cj q.j~ u n] 1 

15.0 in. = (15.0 i#) (2.54 cm/ i j<.) = 38.1 cm 
JauAt^il (jf cu^ < 1 c-jj> />>!! jJiLxj 2.54 cm ^ LT * ^ ^ I 

^ » 41jL<m^ U 1.4-JL { ^jLa-uaJ 




4il£ 4 J pU.1 1L {j\ . j3jL-JIj 4jjl_Jtit ^LJlt A< * o-diLji 03-2 

Old-f- 4 ci)If. ^ra.ju . 1 Kg 4_ti£ <0 2.2 lb 4-Tilrd' |uti> o^ 4 I ^ jOtiL^ul. llCg 

v^jjSa 4.1 Jl ju* 

cj!jl>.^j O i Jt f Lc. U p 4-a LTt S d ! 5.32 cm 4J (4_bl_>.j 856 g c-ul^Lq 4Jh£ 

. SI ^LtaJ 

-■ 03 ^ SI ^UaiJI oIji^j V m HbSL!! < lcm= 10~ 2 m j lg= 10~ 3 Kg jl c^o- s^Wl 

m= 856g x 10' 3 Kg/g= 0.856 Kg 
V= L 3 = (5.35cm x 10" 2 mJ cm) 3 
= (5.35) 3 x 10" 6 m 3 = 1.53 x 10 4 m 3 


m 0.856 kg _ in3 . . 3 
P = — = ■ - ' in ^ 3 = 5.59 x 10 kg/m 

V 1.53 x 10 m 


•tdljJj 






< t d t s ^6.1 

ESTIMATES AND ORDER- OF- MAGNITUDE CALCULATIONS 

C->LajJj»_a lI~x 3°) T) La Jux. 4 -oLj^ j tf II JjL-u-aD 4^_jjjJaj oLjL> 3 4 ^ji LJlx. Jl j all 4_jl 

oLu^Jilil JL >4-t •*> . CjLjI * a> L^a! jJtILuu I 7>X<u 4__lijjJ211 I oLL^'^ I 6JJb ,JlLa . 4JlJl2 

(Jj}\ L>Ll>. 1 J. Ut"u i L_2 lLU 43.5 ^LL>«J Ui^ t4-Luuq ( _p3j(_7 -^“ LJLc 

LlLs Ijl ^ Li.xXa . 4_uoXII t..^Uxoj 'jjjJI /^a (POWCF Of Ten) 10 ^a3^Jl ^ys I 4_Ljjl/i 4_l<X-J 4_u^} 

L^i^Ta <jl Cr i^j 1 ju4> < (Three order of magnitude) 4^-uaJl ^ aj^ 4.J.XJ1 q\ 

^jjJb 4 j a^H idllt jljuiil 4_pj (jl J^_4U <3 X 10 3 4 j O-lLlx! IjJ Luajlj . 10 3 = 1000 J^aLatiLi J>i J^5 

.8 x 10 7 ~ 10 8 2 lu£JI JiiLj .(3 x 10 3 ~ 10 3 4^ui ji) 10 3 

LjI^LuxIIu^VI JLdJ 5.1 JLL* 

^yic. 43Lp* dJua (j-n~a- t~u (jylll <j art m 11 CLs\j^a 2s Jx. jJ3 

__ ^ c t 

Cjl^a JJx. . La lx. 70 cr^- lJ LiuJ ^ 1 ^-aX. (j I (^jA-aJfcjJ IJljj lJSj-iu/ «cWi 

^ t =* 

i^jU ijLi_a jJb Jjfc t^ill 4 _!Lj>- ^.lx 1 J. a "i • a i .n Lx_^i_j JJLtil i JUh .rtJuvlj^l 4 <i j 4jJl ^j-o-oJuJl 

4 5. j .4J 10 jLlitJ i 4- . l _ o^ -^j 4 a j 4 ^Xl . ^£jLb ixiaJoLx 

3 JlX. (4 da-4jJl a 1 1 4_jLa &\ 4 n t 4jJI ( _ jr 3 Ju_>-I^ q -±&-J 4 7) j ^^11 ljufcj) cLa-c^Jx -all 

4_u^_olllj 4_L-uJl iJT £> ^LsjJl 

, ^ min ^ , n 5 

1 yf-x 400- x 25- x 60- = 6 x 10 min 

jj< jia^ Jr 

ejjt. 365 x 24 4 a k.°i, ill j<ij_ 2 JI £^3 5/ju 400 x 25 1 —>j r 1 2Jj^n j_iL^5? 4j| Ja^.5? 

. 1 /1 LX° lJj-3 ct^ ^LcLojJI 4Jlc.j 4 ) 1 nil ujJS ^L)5M 4JL*J ^ * l ^J ^4' p < all 

(jj/LXl 10 Jjl_*I .(70 yr)(6 X 10 5 min/ yr)= 4 x 10 7 min 4 _Ll* 70 ^ JJjJj 

S - ~ » 

.4jLo- ^2 Cjlj^a 4 X 10 6 Q-^ V i^ill (J-a-*J 4 a^43 


6.1 Jtl« 

.^^>01 <_djjj^_u /ya jJj>oj_>a LajlXLj ^jJI olJX. jJ^ 


^tjxv L^j! Lj_21^-Jlj>J 1 (j-a jS J-xi clILfc 1 ^u-ujJll iyu 4_al. ^41 ^1 j h<ll (jj-i 

(jr lx jJ^Ldl !Jul> J-alUu JlXgJLjj ,3jJo4>J1 3 -A 4j ^jxli q i ^jJI ^JLlIl e-o^Zlilj . 3000 mi 

jjlx. LlXaj j^jlauJI 1 j_4jj .2 ft 3j)U^H liIIj jjl_Sj LilXJj (jy ^jJi i js^ : z- All 




I ISL^4Lo»iJ ! j iSojlSLl I - J^V) ^rj£^}\ ) f t jj- 


(ji^j (*5) .5000 ft/ mi 31 5280 ft/ mi J>»2 . Lr ^ J Ju i_A.„ ^ 1 . 1 a 3 . Imi 3 ol^laU! 

: i IJLA IjlA 4lljL) ifaUl ^ <. .<t 

5 000 ft/mi . 

- - 2 500 steps/mi 

2 ft/step 

: LiAj lUjLj L i l^J 1 jJ-*vC iL-V'i..ii^ ^^2 4-i^lc. i_ .c^j (jVij 

(3 x I0 3 rpf)(2.5 x 10 3 steps/ r/i)= 7.5 x 10 6 steps 

~ 10 7 steps 


IjLA . Oj. iZiC. 3jjLJ>. (J7 ^ jJ^lj (3Jl7C..1M CjLjV tX. (jl Ujjl ijl i-fJUjJj 

33 * tsr>a ^Lbcjj ^i_uiu->JI ^ U Lul C<j 4_a-ufl_>JI ^y-% yjujuz I 3Jj-4~Jl 

. 4er j.rr ^11 4jL>.^Ji 3^JLv. 4_ j| 4~ ->JL 1 3^0 4j| 4_i3 efinV .<JLu>Ji 


?4-4 JLiwLuj ^ jt^L2-4 Lo 7.1 Jll4 

. 3 Jl^cjJU CjIjLu-oJI ^oa> 4_Lx^uI 3 J ^Lc. ^ i CjLj^JL^JI 3JiC. j Jl3 

100 3JI3JCJ CjljLu-oJi 3JLC. j jH> tiiljjj (jr 3 3^n:*dl/ Q^xLg 270 (jr ]!^%- 

4^ L. xJ> 1 Jo-i-ujXa q\ 1 i>>jf jjJLfl .4 j^Ij 3I 3A JSJ 3jLu_u J^-3 -} 4j1 330!* 

jl 20 mi/ gal 4 >Jj 3 Lj>J 1 idyl .< <>l 3! 13)3 • 10000 mi 3^ ^Lx. 3jLa—m 

oljL_^I] Cy KJi 3judi ^ t jla <-j>^uj • 500 gal/ yr ci%^u 3jL^ J£ 3U cdJ jJj . 0.05 gal/ mi 
. 5 x 10 10 gal- 10 1 1 gal ^i^Ji ^^0 ^_ijl 33 ^ jr L^ju cjLjV^JI {j ^b 

SIGNIFICANT FIGURES SF 2Ljj^f^L-Syvi s J7.1 

j? Jl^o . ojSya j-lC. 4_ioj^>vJ 3jJL>. {JJ £i 4_a^1juxs 3)3^3 4_4_uL3j,i 3 -t3il {LuLjj-^ CjLua5> Ju£. 

. 1 ^ 1 J.-^L-coJ uL/Lil! 33^13 O^loJl 3jL^C 333^- 3C. 3 JLC. ijr li2. „)Lol»j 4J3 jJl ^Jl£. 

lie. 3.4 _jj>1_4 33 l^it n a ^ I jlrl lm L 4.1a^->V 4^L_u^s ^ 3 ! la 11 3 I 

4 jI^ 5.5 cm 3 _a 4 3 i^yLll J3J0 3!^ 131 . it 0.1 cm s^Jau-oll Ju3e3 < a L) ^La J l 4^jJi ^1 

uyi$ ' c% a Cx^-o-^j L^J 4^Uli 4 x;^ tfn (jj (J3IJ 4JUJ1 ^jla . 5.6 cm, 5.4 cm ^yu L^i3io (ji ^33.11 

(3 ^j ^_3j 4 j aj .2 ->J1 4^43^11 .6.4 cm 3 -a {j-cLlll 4_o-u^yUl 13] .^SF //uil L^J 

.6.5 cm, 6.3 cm 

<_pa*3^1 o$\ (6.4± 0.1) cm 3 (5.5± 0.1) cm 333-^!! ^ 4_^Lili ^211 4 jLj 5 Lll^j 14^3 

4_^-l—uJLl ^)t ll—uDjUat I3] .yCt ^UU —4^uaJl UJ3 Ioj 4—I 4 >-1 lm^a 3l WJ3 1 laJll (jl 


d) 




f I jjf j : JjVl Jtnfltl 




4j ^ula j\ CjMj ^4^ 4uU^i <&j3! U^lh UuU-l Q& (5.5 cm) (6.4 cm)= 35.2 cm- 

4 JX. Jj J *x-"i 1 SjxUs j£j> . 4_t_ul2lS J1 jloVI £ya SF 4jj_l*JJ ^USjVI 4JX tjyQ ur^j SI 1 

: 4jj.Lt 1.1 f\l jVl 

(jf UX%J 4_pL^jJl XUS uJu I 1 <jr £ SF 4jjltjl 4JLX. (jLiJ ^ » ? iJT ^ CjLlX^ 3J_X L_5j_U3 JuX 

4_xx4 CUu-^. t?ujj-_LsaJll d)L_^Jl 4Jojuuu3L>a 4 _xu 3 3^*^ 4jji*JU ^LSjVl S* F ? ^4LX L^Lc-J ^jl_t,u.) 

. L^ui 4 ^ i a3lt 4_!L>- 3jxLi!l ^yuij J)»lol i_dJj£ . SF ^jus 4JX 3^1 4.L> juxGt^ 

(jS* Cjujjxi-^c C/^-xSj ^,-lr 3^3 (jI 4_4-j*.l_mi»l (^jL-toJl 3^4^ ^Ix. <>4x1x11 <>jl& J^uulaj J_Lx 

(jui £—iflJJ 35 cm 2 4—>• Lml \ jjl 4_Jj—3 Lu^LqJ La 3* . (j\jj_L3fc_>a (jrt 4-ij ila ,.3-°i L^J 4 ml. 3.1' 33 - 

(5.6 cm) (6.5 cm)= 36 cm 2 j (5.4cm) (6.3cm)= 34 cm’ 

4jj_mJkJI 4_0^1_*J1 £_X>JuJj^uJ ^jLSfeJlmJ 1 jLLuO^M . j£uV j! 4jjilX ^1 j9jI jl Jl4 

^ucjJsjj jl_^3 i£ ji»-o juvjj tjixj . 4 j^j_*_« 3 0.0075 < 0.03 cr^»-\3i ut 3=-° 

O- Lu 4> J-*-! jliux^i ^30 LoJuX jJJj £X . (jCcJjLmil (jO <Wrill ^Ijul! 

Lu <xusLx 4uuxJl cJlAs . 1500g ^,-A U ^xuQ» 4jLt£ ^ji . 31=0 3+. JL< -° (jr^ 1 «.>;*■*<u3uil ^jo/LuJ 1 

(_’^y L U-^it ^! 4 jj in ♦ !! 4_<5^i_*Ji £uxjx JjJlscuJ ^jUaJuirl ud ^3_fluuaJl L£ Iji La <—3 j-ajV 

4J—X ^UIl ^1 JiitlLmi 3_^VI qjs iS^3 —4J!jV *CjL_uLtx]i 4 jjJL» a ^i_3jl 

(jf 3 _4 c£]Ll 4 ^jl-^ 131 1.5 X 10 2 g 4-lu-SJl 4 j 1 3 *> 4jl_>JI 4>Ii—A , 4_jj.1i. >a j 

^Ijsjl 4 jljjV 1.500 x 10 2 g j 4-jj lx a ^L^ji cj!M— 3 ju>. j_j ^jl—^ 13i 1.50 x 10 2 g j 4—mL3J,l 4 <> j <? 1 ( 
£/uj 1 * a \ 3 2.3 X 10 ^ 3^ 1 jj-4 3^1 4_<4—t Hi! j^3 Lajux 3 •>• Tt 3 Jlx.L3]1 ju-c ? . 4jjJa q 
j_A ^jii.U 2 lqIx. 3jj i^aj.4 jjox 4 1^1^ 2.30 x 10 ^ j (0.00023 Lgojlo^ Ll ^ L c j j) 

♦ ( 4 Jj. rnJfcJI 4_4^!)ljtii 4_L>S u^\ jLfljuaVl (4.^1x 4 I ^*ir VI jl) 

* 4jjIaM 4Jx. JUJljhj JUX 4jj Alii 4JX jLlx5fl jL>*yi XX3CJ {J! ^ 

(^jLmJ 4_ul4l]l 4xac_pjJl ^4 4 Jj. -Ja>J \ ^-ilol j^q 4JUX <jj S_j <4iji—xl ^j_lp jl 4 _bL-u31 JuX 

(_jl-Ui->» iu4jl I 4 J JW 3f-^-" Ur^- f\3 _J-> ^ l ijy S 4jj_ ^ o-lJI ^L_£jVI £- us\ J-A £yA 4 J^X 3_6i 

jJx . 128.35 ^joiuij 128 jji> ^jj.il' j_t_st_xJl 4j_*Jl ^la »3 4 j 1—ul~^ 123+ 5.35 

4jj_i*_x ^L^jl 4 <<i Lgj 4 -ujL.^ ifi 4 o j, I?!l 1.0004 ^jl mjl 1.0001+ 0.0003 il>. 

4_ul <x J-uX 344 Lj . Jxwij — UL-A p 4j 4_J <j£J—llj 0.003 jJk £j—x>4i 4jJxv J>uwl 

cj5^u 4 J juvi tjlfT ^jlj ^j-L*u3 l^J 4 _uL^jJ! 4_^_uJjl 1.002- 0.998= 0.004 

3^4 3^ 4jI^ 3S1 a na dll j£j 4 _j 4Jutil 4il4oVl xjIu^JI 1 Ju5> (J7 3 .4jjJjl4 ^LBjI 4_*jji 4 jj jju& 

. Jj*-Ij ^j_Lt_« ^2j—s ^ 2l& / <u CiljjJxi 3^x JuX (jiij . 4uj i t a CjMj L^j CjLjLw 5?I ^laju 



( 2 b>!t - JjVt c 


( _ jr Lg ,*JL} J t r 1.1 3^J“ 4 0< SjJauu«a (jr 4_uj_^ £-u2>yz ^uLljLj uiLt 

.^LaJI \ju& /ya (j^jlJLll gull *MJ IjLa . JsajL>Ji ^j_o 1.043 860 564 2 m juu 

uttit 4^1^ tu* 8.1 (J\Xa 

4^1 ..i a v .<■■.->. 1 .(9.80± 0.1) cm (21.3± 0.2) cm L^J^L JSL2JI Si-Joi^a 

.4_uiLSli <c>-LuJU (_y2 (^ruL^Ui jIjlILoj 

('w = (21.3 ± 0.2 cm) x (9.80 ± 0.1 cm) rj^sfl 

~ (21.3 x 9.80 ± 21.3 x 0.1 ± 0.2 x 9.80) cm 2 
« (209 ± 4) cm 2 

4uuL$_lII 4 oj rttl < jr 3 <S\ 4_bLuoJ ^SLo-iV 4 jI_3 4jjJ t.o oMj 4J <jl Cuv 

S 0.1 cm j 0.2 cm (j-ulj^Ln t“>o ,j 4 ^Ll>uV 13U, \Sj~* * ( 4_a^.i_*_4 ^l3jl L^l) 


jjL £*um 9.1 JUU 

. 4_£^jtJi 4 j>wLoi-c c. j-i-j.L>- 1.3.46 ni L^juo^x .^ 12.71 m 4is^g, <^3 3jLsc_^ <^^3 jug. 

43.9766 m 2 4 jL>.VI tJT ig. Ln.-*-\m 4 «4J'2Li 3.46 in ^3 12.71 m 131 

£ya 42 i flj 4-<a 3 SF ^lc s-LLJ! ^ig. <>>.H 3 JlcI_£ . 1^ 4g, il-^Lsu wij_Lu jljLg.^/1 oJJt> 

.44.0 m 2 (jjji) 4^-L-ui.i ^LilL^ 4j^Jjlo ^l3jf o^Li (JT jt> JliU 1 ju*> ^^3 .4_u^mi ^uail 

<_<Jjuu 3jLg-i3 LuaJ-sr 1 1 til L£jU4 ^3 Aj^laui ^L3jI Cj^Ij <^1 43.9766 ^o3jJt Jug. 4-ii 

Jug. 1 u (JL1U 1 Juii ^ jr 3 9) 4 -jg. /^u..u ^j. ni >11 JJ^JI { _ :r Lc (j*=aiu ^t-3jVl 

( J t gvL3 Cuuseu illaisi! ^£>1^3 L—t l^eui jl 5 La Jug. uiUjj (7 LlA>) 11 ^o3jJl 4ol 7i t u\ 

J J Lil 4 . 4ujL^111 4^-.u ill ^_^ig- ^u->- 4L^kii 4 ujLu jJI Cj LlU uJI ^3 cuJj-oui! 4 - ilo- g . 

f^jVi ^j-ctuuail J J_*JI ^Jl <_u^-guil ^J_l3 4 j, i^n V <?<ill 4 i.t oLjkII 4JV1 ^-o 4 jL>-V! 4jL^J 1 JLCLui-4 

. 4j^ i* U 


SUMMARY ^yaiie 


I 4 ] (j ^3 (jt IL !1 4b< 11 j J^LJ! I^ujISuJ .1 ^3 4_u_uLt-uVl 4 _iuIj^.j 411 diLuo^ CjMuII 

f 

jlji.1 43l^ l-3jjuj .SI ^1 F> <11 1^,3 Liiljj iu .ujuJ 1 ijr lg. (S) 4_uLilj (Kg) (Hi) ol Jj^-j 

/jylllSLIl JJuil ^3 L^Mu-^l UauU <taJbitu3 olslufi I 4 J 4 ^LtkII jt^Xlj ^Juwj 



’j cLj_^-da)l (Jwidtl 


jjjL_3._5_aI jj—c. ( 


•uj i _ I _$? J_ isy'ic (jjjjl ol <1 J m ->JI JJlC. 

.6.02 x 10 23 l5jL-j 9 Avogadrro’s Number 


l$j\ [jjlc- 3 >a bu (jl II JjLoJ.1 3 >- ^ IJLj^- 4_nj^io ^Jj1>»_j dJajjlz 

* 

Lcjoc 3 -** Ij^Ls -jiCiLL^til ‘t-UJjJD 3 . 4j^-cv oL^ 


QUESTIONS ftiiu»l 


Lo Sjcvj -jojLj-B 3$- > ' skU < »1 t <t& LLLu^j i—iLuJi i Jufc — 1 

S^jLlcv .1 2 ^q j ( j-oLj Ws ^ixjtlLuiJ (jt 4j*jiL-iJI j-bJI (jr A 

*3j)bt1 .4-^1—t^CII i 3J)b31 C^ ^^_lI»I ^Ikill 4_i_. uL 11, V1 ^_ oj L jl>3 | 2 | 

,ULI 341) I j LuLc V! La .*LJj L^uljU L_3^-fcJ jilaal I IjUfe <LbL!<^JI jLxjl-4 4Jj£L1Ij 

Lci£ 1 j jLf-*-^ (jl Ijl^ll«j q^il! Ujj ^yjjl 

3Jl>.j^ 3^ JLal! Iji-l .<Lud^j 12 4jI ^jbijl ljSjjuj *4_uo^j 4 Lgj! 4 Ll!I <^_£5^ju — 3 

S^jJLlI {j£. 

: (jr^ SLIaxM Cii_iJL>4l LoJ-^r~x t.nA <lJLaJI cjLi^SJI ,2^x. 141 

.72 x 10 2 g (c) .5 x 10 5 s (b) .3 x 10" 4 m (a) 

13 Q^Sb 4_Jbtil 4-uL_u^Ji oLlU-*-B Ay* bl . 4rttii^.4 dsl L44] B j A ^Gj_ 4SL1I <jl j~5 [ 

A-B(d) B-A(c) A/B (b) A+B (a) 

4_uj ^I J_grJi i u La t )L<-o-~kJ I {j n i?*i i r ^jJi <1BjJ! ^jPlxmj a >i.u @ 

ijlill (Jj. 1 wl b4 . dlijl_a3 Ujj 4_^»I jijLail 4_pj c-Uj-SILIIj Caj_cu>- 3^ — 7 

3^ Labjxj jl j Ai 4 ) C)bL4l 

.^yjl^dL) j— 8 

ell)jd l3j ^LSJL i_jb£L!i ijLA jJ lB — 9 




ISL«Uj uClj tSLotS^Xt - JjVUiaJOcbn^Jt 


PRQBLEMIS a R FP v ??)'■_) 


ijll (^3 £-tio 14 k xm ^ J l A — 3 i 2 (1 

http:// www. sanunderscollege. com/ physics/J>JI = WEB 

<L}lc.Laj £ = 


LaaJL1 jlaA/i <—<_t-uL>iil — 

a**^' f/ ci ^j ^jj’ - Q 


6-° 1 




O' 


_ 3-1 


4JD3L>. 0^ I3j >^c,j - a 

t .^ai 3L^ (a) ju>.jt .5.00 x 10' 6 cm 

.u_cji -fLM JuJ-:>Jl C_ilj3 33—C. (b)j 

4JL^li£'j 55.9 g/mol aja^tll Jj_U 4ii^ 

.7.86 g/cm 3 

I g tkli a a i—JLu^Jt ^>3 f.Lb 4 aL-C.3 ~ 

I (_y3c. A 7< . ^ <>11 

4li^ Lu (a). P8.1 JSLaJi 4_se_u^-a 
^ 3j5 (b) . 1.50m 4j^k ^ tr>2. a 

t_ Auua 3I 4_bLj^ *11 la_A ^ ^ 

.7.56 sx 10 3 Kg/m 3 

I 15.0 cm | 

| < - >1 

1.00 cm 


1.00 cm 



36.0 cm 


P 8.1 JtS» 


4L?e c. j-j3G Ci^*o tiJj 


-Jj ^-i—A. 4 . 


* 4,114 ut^Ti 

a^iji - 9 


(ja * ~ Mil l I 4ila 4. <;ku i 4 

4_>.|jV! 03-A l JU-L £ Lu! .fcjl .ittGllj 


ItstoSUi 3.1^ ludtl 

Eyj 4-jl^Pi ml jJb ^_Cji— j—*_JI _:v ^..LlSO 1 — 1 

39.0 mm 1—gJ^k —jJI ^jaj^Vl 

5L^jU 4 ^K ^ U . 39.0mm U^ksj 
3 ^ks lG-uojj 5.64 x 10 26 Kg t_u^^ <lK — 2 
.41^1!^ <_^oJ 6/ : 10 7 m 
oL>si^>Jb £j, v j a ^ ka — 3 

k °l 4_3^?e_o 4 j!^ la <■»] jJ-c-Jtl c-ij^U^Uj 

5.75 —>3^ La^-Lxbj 5.7 cm ijr l>»laJi 

^. a t^yj\ —5t-dl 4 —i,_ $ ^ ,1a II —a 5 cm 

.8.92 g / cm 3 

^aJG^j p 3aLo *kki£ La ~ 4 

fj ^yliv-latl la^Joj9 4 j)^Li-cu! 

5r 2 L&j_Lx 2 c.a i<ri >j 

. 4^0-IaJLLq 4_Gj»_a Eya C<■< bi.4 “ 5 

<Jl 4.50 cm 1_a^fcia_>•! ^1x3 <■ ai^\ 

u_sL»_Gsi 4 mm 4 ^jL^u Vi 
. LkjiaB < 


41j 3 <—fibbjJI (jy S — 6 

*5 

LoLc ^ <■^■■'4 ^ ‘-Cjtjj 3.80 g 4 j t a3 
.3.35 g 4LaJI 4ix^ Cca-xio! 7^3 

3 julii i~Ti la Ju £ 1 t~i 1 iij ~ U aj j 

' J>il 7 - L a -^-a. t jj j—«_c. J^L>- 4jjjJI 
. 197 gl mol c_ukjdl 


d£) 5 






-n 


>c.. '. 70% -id 

, ; ,il». - ■ * l: ‘—5^- J ^ ^ L^.1- 

■t V> 5'A S W _r^ 

j ; ‘ : ,, P <M ’p x ; P ; 

■•> .. P :.i .> !i i P jiG P ; .. e (. 

r - • \ » : '• .> ''j ^ ^ 1-.V-- 


t >- tv p.e '■ - 




o>-^;'.• 

,v.i >. >. .-.,« 


_. 

* 0 
j6*.i 

, > .... LiKJj f j..i I 2 | -18 

r;. -..iwij! 


■ J '-- b ..bb- 4>; -" 3 • 


o}^x u l 

A. tdjl u lsr %^S % ; >m~H ijUb J_<i3 t jjb 

0.5-•■> '-'-‘jji ^.) f j 

a-jj-xJt /yu Cj! cL_i? . Or J.J.. .J,-i-iqj| y ^.0 . 

v Lei. IP io PjU >j:>. /}(tf J.I k.uz ! i ^ 


i 7 A |4 .'.:: . £•* ? 


.;> Ji. { Vc • 


0 'v/;7 k M>' m/s 


• 19 


- p.)! .J, ^ 6- 1. - ■:.„■“• .'.,-x. f ( i.iiL—j 3 jJ:X- ”20 

(b) d;jLui k -Lx,- (n) x^j^A 10 3± 0.2 m 

4JdjJl -tJ.c ^k.?...". .,v l - y 3 Jvjl 

. JSJ 

4 oLUJI 21 

: /rib o/.Z s 0 , 8.3 * <u.L.U j 4 ji 3 ' (a; 

?- .0 .d.3 X Ji (. .? j /leak*, (b) 

U. /0) «... pv_^......,c'. *>_)..S y.<aJ3 c-iix^aj -22 

4JsI:lS ( I 2b:r: 0.07) Kg cm 

Ja y.t.*..^.. ., 7' ■«•*> " SyLli 


c-jl* S— Ka in t n 3 jj _^-Ic. 

;> U_l>L ..*•-]' 2—£^Jy_LiJ (Jrt-J . CJ; Jw_Pi-J 4j 
C/.ilS .ii <Lpi-..US£ui^5 £Ju& (jl ill 

4 .. ^Aj^JgJ• Jy& . n= 2 ^ Hi—l 

. K 4_4_j^ 

,,L3, : *1 JjJLul! -10 

: 'A^J Ui! 4 j 37'—*J Ls ciixi) i Cj I Jlpw^_s 


T - 2k 


l 

n 


f- )L jjliJ g $ J>ld 

aoi a t till 

j)J.4 (j \J ,JutJ (jyic. 4_xa j i u a a 

. 4JjLlU 

“3! 4:;e-j"»t.Ai5 4-utjii ^_x3 —11 

i- ) ‘^()+ 

> s b} y- ( 2 m) cos (kx), where k= 2 m ' 1 

4.6 _A ■-• i i ‘ ( j_*./} J J rt.i_.iJ ^xlaJI —12 

GMm 

r 2 

r ! ■■ . rvi ^ r..i j..> 2 l 3^..Ja L>r A F 0 -x_>- 

- j. ’ .' -IJ L/.;i F dc^iLlI . L^_.-4lxJ 4_al ...m r J 

_> .: ;i hi '..3 L.a .Kg m/s 2 SI 

SG <_ujLuJI 


P "••) 4X 


'i-2 .\ lS t ,•' L uiiCv^ U \ 


*5.1 (<wiirttl 

__ A s. 1.. 1-i Lp»J 1 t_*_ PP — 13 

.-. P SJJ ^I . 150 ft x 100 ft 

3 c 

. ITl 3 JLV L y3j'2\ 

■ O PPPj 1.99 x 10 30 Kg 0 ,.^ A.1I 4JI^ 14 

ajj . - ■!..-: . L u>-53 1,67x 10 22 Kg 

u v vvi.it 

v /<S: ■. ^...rt .>.) ^PLGJ 1 (.tjj) ^.0 115 | 

*S . 7 > 0 lit 2 4..V-1.. 


..^ .^. f V t J ^ 10 3 111 ^ 



ISLc aUj jLllj lSL u tSL d l - 


^al A >• (_jj— 3 - 3 \ d.— 4-0 LAJ L&J ftlLl . 0 ^ _ 2 D 

<la.l j.Mtl! 

(jl_^ lit .(10.0+ 0.1) m x (17.0± 0.1) m 

(1 1,0± 0.1 )m _j_A l .a, .j_-c. 

. .... a . I. (9.0± 0.1) cm <l£a_Lj 

^3 4_3jJI ^J_£. J1 Ji.a. aj 4-3aj5U! 4jl_uij_j>Jl 

. RASAS’*- I 1 JUb 


•.ajlUl f Sj>U SF JJlC. -23 

3.788X 10 9 (b) 78.9± 0.2 (a) 

0.0053 (d) 2.46X 10" 6 (c) 


. J^uL-i..<li —24 

38.44 IT] ^^L^a.li 
4-al^J! 4^L-uIi ^ U . 19.5 m ^ju^Vl 




ANSWERS TO QUICK QUIZZES o^luiSI wb.1 


LiSLxsl j2i 4 j 1 jaliijVi dJufc (2. 1 ) 

( j r A , \ * A A Jj Jw_>vJ 

^Lj liL-ll *ju* .±0.000 000 000 1 m 

SjJo-wJtLl Cjljjdl JJLX L_il—<-a_J>J <iljL -uL^Lxil 

(<_^jjLiU) Jl_*_J 1 1 jui> L 4 J 5jj (jV 4-s^-lUI 

i 1.044 4 _sL-uJJ J*—t_uj (2)-* 

i—ij _21 ^-iJa^-ll eJij-*_3 l£-U3 ( jr JjL J 

^Jl 4 A-i^U-2 d&jh t a-4 1 _p3J-0J J. 

. Cjl^ituiLq 


OjLj Cj\j —^ jr Luuj _}1—. l_Lx>> (1.1) 

^j_£. CjI__ a 4j! ^ 4 -JtSLJj 1 —l^-uL u Jl 

(3^-4 <JL2JLI _ i-u .4_jJJljlJ1 4_j _4—f—S 

4lLcj-ta^i jJ^2l3 c xiusai 4-ic. Ltixxs £)j c-ijL^tSii 

t iiini lid—C Lti> iij 2 iCilj_ a 8 L 4. T fa ^ 

.3j_c 27 4 1 t 5[ H jl cj!^_ a cj^Lj j lo.il! 

(wi-un_J C_<- *. J\ A £_A 4.1—~l5x 11 L—l- LM LijJ l±Ujtlj 

<j!— jS m a r 3 0 ) '~**3 ' j -Ia-5J1 

4jjj *Ji —j__s ifL*-3 <jr £Ll t m= Kr 3 

oljl—ii_ci ^f i 4. ^iljg—•—a c r ALai) 

. 4-ix-u JliA Cj 1 j 1-tic. 1 ^ \ I 


THE WIZARD OF ID 


You MAO0 AbJ exxoz ON WE MR. 

I CGUFSB^A MISTAKE IN CALCULATE* 
“THE RELATIVE ^PFHD—A VAt-U^ TO 


l“THE* FlPTH POWE R, EATHFf? TFMN CUBED, 



LMFWfiSlPt^UF THAT 

Tl^UE.lV&HOOLD I 
BE IN TOTXU 
CARKN&5S AT THIS 
V'tRY' M^MBN— 



By Parker and Hart 



By peratstion of John Hart and Field Enterprises, Inc. 





t Q 4 


l>l j i.Ti 6.2 

Freely Falling Objects 

qa I S L u j 1—4 -L lS H t (2 jV j! i < *i'<~ in 17.2 

(cgj LeL >-t) u)bLuo» 

(OPtional) Kinematic Equations Derived 
From Calculus 


Displacement, Velocity, and Speed 

^jAi^iVi <^^12.2 

Instantaneous Velocity and Speed 
Acceleration (2lL>*j»Jl) 3.2 

Motion Diagram 4.2 


8.2 



Goal Problem- Solving Steps 


Cut-> gyhu~ < 2L£^3fc)I 5.2 

One- Dimensional Motion With Constant 
Acceleration 


ISLulSLtXl - cUJ-uilt 


jz 4 JV jj 4£3>J1 <...a is~i i L_fi ^j-u i4_jSLi^u^4£J! 1£LuISLl1I <La_u!jj> 2 $da3c£> 

ISLuL^liSLlLi St I SL ul^JLi 3- /3 ^^_jaJi Iju 5> ^ . 4_^^_>J1 ill 1 > <—t..Lm i 3*311 ^ i L_*j-Lu 

ij-& 3 ^ . ^5 oil 3 3*> . L n -im 3-° (^Lw^l 0 " uM - 1 L 4 I L31-a-l 3 4 _*iSJi) - Kinematics 

«* ? 

Juu*. . {^LwuJi} >—3 y \,Jt,L-uj . J^swlj Jl_*_> 4£j^kJI ^j-ajJU t_J2 y-u (JyuaJdl 

a 7 l.,<m.a da :v) ■_$ ^1 jj i^_ukL_ 2 i,l 4JJb ^! J_3tIL^L>^ 

. dolij ^jLuuj 

(jr-^5 ' $-« ^-3 J C 7i ,iu 11 ^LjLlil ^JlLc-S (jrd\$ liilj ^5-i-u 4 _l_<5^_J! 3j_uSJI 

a£^>- . 4jjij,!LAVl 4^^>Ji^ i4-ulj^jdi 4^3>J1 t4_Jl 2~n5M 4^>JI 3 ° ^IjjI ^.L^-laJI 

4^j_^JJ ^JLlLa Lfcj j-Zs-A 1 o(j_ 9 ^ <4—jJLj Ti )Vl 4_^)_?tiJ (JllLa ^ 3 ^ £-Jj i n d$-*jda \c. 3jL_l_iu 

I Ju4> {jr 5j jl 4 jjI jJL&Vi 4_3_^JJ ^JllLa /_^_A LjLjIj LLfcj JjJujJi 4 _u!jjJl!I 

i^^_t_u c-j i ~ 5 v n i jui. jd>- T 3^) * 4_jJ 1.j" mV1 4^^_>«JI J^Ll-U ^_<_u4_JLlll 4 _JL_LuJ1 

3^-J , 43*- ^In.rll ^Ajlj ^ 4£^_>. i 2-*.rn > ^4_JLiIuVl 4£^seJJ 1 Tt t.ulj.1 

(. rt is\ > jjl Llut.j jJ (Jla. jJLjua-Ii 4 _l4)LlLq 4jjLo 4 \a.A > ^ j <.ur>^li 

tt-AjljuO {j£. 4Jj) j^^ 4 JLlSJ CjLc^Lfc^ ^J £-a ^J-^LtTu 1 't K <j\ 

A ^.lc. ^Jl i jL»jl .^yA J*-£\ y <■ A AAi (3^ ^-AUA i _ tjy 111 ijU^^ 

. CjUjuoi^ 3 UJI 4_LaL*^iJ j[Jl j j r A f.Uj jlji->- £-^>11 Ja-LuaJI 3 ^-^ 1 

DISPLACEMENT, VELOCITY, AND SPEED a^Jtj ^UuVi^fjVt n J.2 

3jL^i t.u J-Ct£. 1 (jr^ <—4 _*_i^3^_x2 3 ^ LoLu 4_3^jjt_c 

# *= 

{j£. oLoj)l t a . 1.2 a JSLu# Cj^a L<^ x LLfcj 

\jjt ijjS cjLa^.lt.11 0^ o^y-^ 4_^^Lc ^x^aj (J7 lc 30 m juu 3jl_j_a_uJI 3 ^^ 

3.0 x 10 1 4 _jI ^iiz. j_cbjJU lxslj iCjLc^lxii ojuk 3 j ^ 3^3 'Cy A yy- i ~‘- c - xss^j-*-a 

\ He Liu (,L jl ^ j . 4 t.“<i_ 4 LiXl ^.iib 3^ ■< 3^ 0 ^*^ lj ~ l - > ~ ‘ 3 o_i_i-u_iJ 1 3^-^^ Ijl^j 4 _g_iait <?_*_& j^-Si . m 

^>Uol Vjt Bjl-u-oJt i 1.2 ^-4^5 * ^o^LlLI 4.hjo11L> 3jLx-hJ1 ^u Ojja 10 S 

.(B) ^jusjJU (_yi| (^) 3 d **^13^ .a^Jl 3 ° 10 s 33 ^ ^Lj! ^L>«_jVI ^j-uju 3-31Ij) 3-4^il 

(JT&3 * (F) ® 3 ° ^3-*-^ 3^ C1uj>. < 3 ^ <ji^\ iJk-p 4 

4 3^3 1^-xsJl?t lx < 1 ) 3 ^^ 4>j^L»J1 (..jI> ^ lr. 3 jLu_uJI 33 34 30 S Jlxjj ‘(B) JlIc 4 rtjrt -»Jl 

4_^oMjJI 3 >s jl 4<1 -Jl 4^ 50 m 3 « 4 a y~A^ <-^ .cjI_uI 

(jt B ^3-X 3^ CjLqjIjXI <>j3 ^UJl 3h-^ ~3 [3 4-i-ujLn !i 4in 2.111 Juu Cil_4jl*-ll cljT 1 a ~ 3^ t —LajuLc. 

. ( 3 ^ 5 ^^ — ^\1 ^y-iLuJ' ' (jy a j.uj ^c-i-ti^Ji ijub (JLa . 1.2 1) J S1. J 1 



JjlJ I j^ult 

j* 

L^j! ^ jr L^. j<U X(t ^ 11 4_>.|jVI J. L*.xll 4jj g.;..u) li£L«l t^W J.a..^. 

4_^.ljl *.) X^ ^-^1 g <11 ^Jj >X^ ,^3\j-Iu^\ £-uo^-tl l£Jj^_5cJLj LcJui^j} .4_t^—i-LUl! 

La£ i il>- j_ull1I J/< cj~ 1 A LUa (J7 j2jj^l')! I i__3^_>J1 ^ t >ii iw^^_u .Xj- ~ X- ^Lc^-oJU 

Axs Xj - x- (1.2) 

. X• i^yC ^JjSl XjtLZj-2 L^ ijj 4 jJLi_uJ X ■ T^)- 4 ^_i5>l Xj dxjlfii jj] 4 _ i _ > -^> 3 Ax (jl 1 


<LflH>t4 olSjl Ale ajl juiTI f-uo$A 1 2 JjAatJI 

£ ..,.^>J > —It j t[s] [ x [m] 

® 

0 

30 

® 

10 

52 

© 

20 

38 

® 

30 

0 

® 

40 

-37 

© 

50 

-53 


7>j\ _ j _l_u (a) 1.2 

Lc. Libl^ bl_A j v> 


.X j^->Jj L ^- 5 jLlX. 

3 ^*> g > LIjI 
13j Lx-i.aU <-J l n" ,t V1 

L$j1 ,J^ L$-*-^ ^I 


^tjVI) ^LuJI 




ISLwUj-tJtj ISLutSLtil - «Uj_uiJt 


•V( 111) 



J «-) 


.^2.2 (jSLtlJI j ^<uluu->J 1 1 ‘LbLiuX 1 ^ 4o*ijVl (>-> Ja^Ui i ^ JuC. (jy jQ <■ to.ji *u LLl>» i_ill_ufc 

4^1 ji i Lciu . ^-4-iJ 4 Jl>-jJ| (jr^ 360 ft 4 _sL_u_ 4 LiJ^_^ILi_3 J^_>. °33^ L r L ^'^ 

4 » j-fl AjL^j^ 4jI-U 3)^ Ij. a u-uC-301 


uLu^ 4^.^-cuJi L$_Lq i 4 »uIj3»xB CjLj^ (jJLjjfcj . 4£rx-~ia 4_i_g5lj Cr^ 1 

4 -u; ( jr LlJ oL>oVlj jijuLt! 4 mj » "t 1 (_jjl!a_xi 4_oL3-^-3 4 _lc£ jJt 4_sl3JU ^^-3 .‘L^cILa 

Julj 3jL2ul Laua>d J <<-*t All lj_A .^Lj>o1 L$J ^ u J J jljJii! I 4 J 4j c^C 4 -u^jI j ntl 

Jo-ij Juu 4_^J_>J1 £-a J^jUIj i^is^aW IjiA ^1 C.t-jJ’w ulU3 ^J-cC- LuSL<u^ . 4jxJlU dL>ol 
Jj j < o 7i~ > .1 t.i <U -Wit Lr^“ 1 ^ ^ ^ ^>^-3? U’ d ^ 4 - 1 ^ ~ l <-«lj Ju ^jJLs ^1 (jl ljufej 

(^1 jjl l -2U3 * La_>-j_a \ 4_^_>J1 L^Lla^I Jl^U LtflJ 4 4_2i3^i 4 £j-j^_U 4- k . u I H j JlllM 

J^-*-_j jLxa_2! ^yJ! "l-j ^ <U tS^3 l ~^ Ax 4_!xljl jJ.-c.t-2 (j\ —C_2l 4_^ ■>. ^Ji 1—*ji3 l£Jj— 3c_Iu ^ at >» 

. 3 ^J-^3 jJ-U^3-^Ib Cil^cH! jJ-cLtli i. - Ax 


Jj__ 1 —<_u__!__JI l-^jJl I 2.2 3 ^ 

360 ft 4_ai— LM—a ^-Ll2j^ [^j_5e_j 3j£3I _ uzu ^3ii 

3^^—4 " >.Ijl iSJ_ct—ail (—2 _j L^aJ \c 

■ jm 3 i- O ^yjLcoJ 4JU^J1 

(Mark C. Burnett/ Photo Researchers, Inc) 
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JkdIJ 


^ylc 2 ^3°> 1 . 2 b ^J^LjJI ^LJl ^u-ojJl ^1 Jo^-V * julj L^jJj j-Ju <LaLt> 4 _Lx3j uilLuSi 

* *■ •»J ^yjl u a J I ^u-ujJi - -j-oLal JAa 1 x 4-iu.a >J 1 4 J&LJ 3 2^-j. -t^tllj C 1 >IJlJ>.I <G_t_u CjLa^U a 

^aJuJI <ji 4j 3 g r nil £yAJ .3j i - u -cJ 1 4^>_>J Ll1^a>»^Lo *UAI 4JLal^ 50 S JoLajJLxa ^lr. 

Cy* ^31 ijliil ; Ja *i«<_ ;r icj . ^LsjVi JjJaw (j-o 31 j..yc!L \ <■ a ^a ^L-Ji ^_«_ujJl ^y 3 4^*1 jV I 
♦ 3 ^_i_> -^l 3j.~.aJl ( _ r £ 4jLc. 50 S J! i Ju^JUuo aLAi ^ a C<<l^4 Bjl j <.■».!! £)1 
(jyj j~ i h ix . j^\ <;L_nl 140 m i ^ 7 JI^_>» c* *.*^4 jl£ 3jLa_uJ! i ( 6^)3 (cT) (xul£$JU 

CjL£j_=*JI ^Jufc Ajj\ 3 1 4—a t . a l l . 4-isl <<>11 oJlj 4> i2ta /^a Jsl C^..> <i JL£J t (F) 3 (J3) 

. A/ 4_l^L>J 1 4_i_LqJJ1 BjmjsJI ciilj 4cluiU (^TUai^JS CjJ oo (^Xli Ax <L>.lj^/l |<uud) jjl {jjJb 4..tf.r<~>41 

aA t <jt i..^ .<i i till ,\_a j .3ojJ_c laibI 3 -a 1 4 aj^r ~ .<.< t ,,> tSj.A.A.4 4 un ) <-dJ3 {JP 3 J 5 

^M-cuJ>Ji 4 j*.1j 1 L$it ^a-<-u ->2 X)^. 4^> 1 hjaJU 4-C.j-t-uii lijjuj .4la-tai^aii 4 jC.j_mJ1 — ^oL>. 4_-u-ol)l 

. 4j»-1 g JlA ^ LAI A t 4_u.ajj' OjTmll ^lr. 4_a^_t-tuLa A.V 

_ Ax 

^4 b> / 4x.^.i„uJ I ^ 'V x — ” ( 2 . 2 ) 

4x.^_ui! {j! 1 JlA *X 4S^j>2i X) {J3 j.h 1 {jyllll X C-t. 

.SI ^,ll^> 1 (J7 S 4_uA jjil jJla —(L/T) ^aj 4_a^^a3a (J^L> jljul L^i 4t^j-ujpll 2 J 

# 

4—C.j) —c_uJI ijl aa 1 4 jua>j^a L_aj!j ^InaTt ^xll 4 _aI <«U {jl £yc ^C^>JI (^ic. 

4_iia^Jl 3^a-3ll^ .4-^wljVi SjLAI tjy^- 3juu*A3 s4jJLt« ^1 JjvIj Jlju ud^tlb 4 lam1 

* 

Ax i^Xj> X- 131 ^ylxxj) {jjojJl j_a Jujo ->J1 CjLjjI Ju>-! C-«-iL^ Ijl j«a L<u)-i ^ 

Cjul^o .il I3lj .X J i_o-jJll dL>uVl jt_u3 4JL>JI ^>JLA XJ^. — Ax /A t 4_o.j_a {j^^J 

^ — 

. 1 <L_JL«_h 03^3 V x ^3 cy 3 ^ 4 _JLi_u Ax {jLb ( ti] t(y*4») (jAijJI ^_a oLula_^»Vl 

.L-ni 1 X* $L>ol (J ^3 4£Jj>JI 4JUJI #jji> ^_p3^ 


^LlJ! ;Jj A a~ll (jy ^ (^yCtLxaj {jy j^uxuiA Jo_>. jqjui^j 1 j j-uJU-A 4 lr> < n^oXl 4 jCj-mJ1 3 j 1 / Kaj 

Ax ^l_33jVI ^<uL_ 3J1 c« fiU ^3 IjlA * 1.2b {JiaiuJl — 4 _>.lj^t^ ^-LstJU 

J-UD 3 JU 3 ® 2n->Jl ijlill Ja I < a (jfl ^-3 * Ax/ A/ 4 j f <ull jJt tla_>Ji IJlA Ja- 4 J * Af Sj-cLoil J 

43 \j 3jljiiitt 4^> i h^aJLI 4il^_oJI ^LxU ij-^a 4_! ® 

. (52m - 30m)/ (10 s - 0)= 2.2m/ s 

4a_aL>uVI <XCj _uJlj Speed 4_Cj_i_aJ! _^.^LLajuaVI {JLaJu_£_ul 4 -Sa^Ls {JjLaaj 4^ta^jjl l—nLt>. iJ7 3 

^ja?cj ji-j-^H e-cc^f jal 3 x .1 .(jOja^ 1 (>gLa {jyi 3 ^ ab)j-3il 1 oio Velocity 

)j 3 1^3 4_u4)L>oVI 4 ,,. l U, „j ~ d . 4JLil j_j 4 U 3 1 jlLc. 4j 1.^J1 £-L { jy lL>-. 40Km xjJj 4 _^L^a 



Aj&jJLA JjJ^.-5-Xj ! i-Sup. 

4cpLulI,I 5-jKJi 4iiL.j'.U f .Ar '.. 


&-£-)—<-0 I Os— tui c..u4 C k ~t I -X^> - 3 k 1 .t / 
^jl <Lx-AL>oV1 J J..~i .« 


Ur^J O e cr^ J -: ; V- ' 

cfJulL>>^J 4-c.j^J! ‘X^x.uy-A . j.Li..< «%< Jif -A .'•, 

4-as-pj <jj£Li 35 Km/h 4x.^._wJi ::.... -5 _ 


’.>.*» ( >\ 


> | < ". i V 

< r 't j.-U'jw'T.v ^.C. ^...vuJ 

.*"? _)...^Lcii^ L.'.t . 
L*j-» vii J>U- 4.<aJXafe» 




1.2s (J£L«.uli (jjJb djOpcoJJ %. • 1.. -Is. > ./■.- wll 4_tAL>i 


4 4.L,a !I ^j-u 2 j I 4 J O' 3 ■• • > v-'• ....* Hj q<S3 / 

f ^ I ^-.‘w ! «?p/a •. --.>1 . .? . ^ , ,. 

juui Xp= -53m q\j / A = 0 s juui r A - >0r. , > . Or J13..2 . 


30 m- 


*JLA ^ jL^_J; CT j| ) wiLvO : c 
. alia all -\m 2^ '^Jb 



. nA -- 'll • ^.IsS. J 4 

I C.;, ■ X^- qJI 4.4 
\.» i.r-- i <L-4 JuU* ?>-\Jb . 


JV 


C 4 1wX_>. jJ1 Oil <uj ^jS J 3 iCjLiL^ut^Jj ’ «> {j 3 . 4..*. ‘•'ur; -v .-.<. 0 i s.;-a.-.: 

LupS oU$JLJ.I UjL>.i ^ 0?' tiftX.* C-.-^ •’ V. </j; j A.-.'-. <>jLp*u \ 

1 2. :‘. ‘U.'>u->a. , *_ 1 0^”* * ,! 


V ~ 


At 

A 


-- r. 







JlXJ jjfcJ) J miitt 


GD 


-53 m - 30 m 


-85 m 


= -1.7 m/s 


50 s - 0 s 50 s 

: {jr KJi 1 a4ju. 4nj 1^111 dsl_<_ijJLt 4 bLl 4>L 4_L>.^JI 4x.j_*-<Jl Ja^ujILa £)l a^>u^ 

22 m + 52 m 4- 53 m 


4l^ < »^lll 4 a\\r\ l 1 4iij_<_uJi 


50 s 


2.5 m/s 


4 \j 4 jAvL>oyi 4 4«c^mll x j.2 

INSTANTANEOUS VELOCITY AND SPEED 


4_jJu4^J1 Oj. u a 11 i j r ~A Vjj (j-ajJI q-a 4 1 j * a 4^u>J JllC. ^--lj.u >- 4_c.^_i_u t_Bj —*j <jl ^LlL^tJ Lc L-JLx. 

4_j_aU>«jVI t \n t o^JIjQ ljLul>- -L>^j Lq_)j till (jylil i (JLiill (jjic. . 43X->Jll 

3jLu_u lil l -La L^i /s <ia_>J ; *1 "tc 4Bj-*->a ^Js 4_uoL>. 4onj u iljj J ;4jbj-Liil ud3jLu_u 4_l>- y 

dJCif-j-i-u JuJu>u i _ jr ic. jJst-9 /j^SLj /)! JUjJj ti_hi 4_2 j^Lxj j . ti-LoLa! muLscj 4_1bI^J1 4.L>j .i n il 

O <j| I*j 1 jLa . til] j Jjuu (. li & JL>J1 ^3 ^-uolj L^Jjj • U» 4 l^^hJ j. <MIj 4_jAsL>o'^I 

jmX. 4 gj 4i 4.1n^i <>JuA 4 Irt ~>J <Jtlra Ii4 lljJouj 1 1£7 .4jl 11] dJ^reJLa (^ul/ 4_C.^_«-u ^ji.' 

t. ,n is\) c ^^2 ^b ^U_L*Ji i ji_j itijLiL-u_^J I ibLU^Lj . 1600s ^.Lc. ^ jy Tt.'v. ^LoL^ 4 ^q^ >i 't 

.C-^jJl /ys 4_1^>J ^ <«>• 4^^-v 

pt-ul Cj. ~j -CJ 4_ui>l_>0 VI 4-Cj_i-uJI V lo to., 1-Lilt .2 jj JLflJ . 3.23 i.li ] I i 1 Jl_A lIj Jl^j t 

4 ^ .i.ii.i 1L 13 ^^aLUl tlx>Jl (J_j^o {yz ^y-LaJkj t (^) <^>^11 (J) 3j l j .. t«tl l tl]^__^i 

jj-fl .(jtjLaji JolSJI Jj>3 4 U i J!mu) (F)^] ® fjja [ £ (jr^^ 3^_uiU 

4^j-st!Lo 3jL_oJI CjI J-t Sljl-Ufaul) 4 -uIjli 4 iA>L>oy 1 4c.j_«_ail ^yjt Ljlj^oj l_5^bI 4j1 jJl'h * 

4x.j_*_uil i t-i mjiLo L<Uj -2 i4_xj>.^_xi iLiljjJj .4^_>.^11 4 ^j>J 1 L^jl LkLti^-C. 4_^ v 

4_c.j (-all ti n iM^ t— A 4. £j-C. 4_oj!jloJ^I 4. a J-flJI ^^yJl t_j^_Bl (^B^) ^yj] {_y* 4_^^_j>J 1 ^.Hij 4 _ i i j I 

Lui JjJt3 ♦ 4_JL_u 1.2 Jliil (j7 3 1 ^ ij jlj (jPJlj C^) <J\ C^) O^ 3 SjJIaJI 4_i_a1_'v i jM 

^_a U^ - ® 4 Lnl \ 11 ^L>o 4 lit Lb-jlj lL^Jk]!-! !»(.»» 

#= 

U^J^foLlkiUt LcKJ t iji J>_se_jl JM i . 3.2b JSLSJI t .•■> 

1 JJti <">H {J y^ j ts\ -vVl ^ I^ll {JJ juu La^a ^ ‘cH 1 * 

Lc . (J) 4-taJal31 iOUl^U! jiwf LjiJu l_AJtic. (jr i!l 4lx2ti]l J.'iC, 3jLu_aiI 4jJkL>oVI 4x.^_*-aJl L l<*>» 

4. jALr»-o^! gL-^.j-iiill ‘^>—>“1 ijr LJucJ ♦ 4 It. * ..a 4_ih_>J JlIc 4 jh ^JUl 4 _uS>L>oV1 4 -Cj. <<31 *>1<U ^ 

.(!)ja*a 11 ^yJl At LojJlc. Ax / At 4.t«.<i <11 4^_ls 4->L^i X)^ 4_1 ■»» tii 


jj-uai A t j Ax c.mc -1 i^>i L^-Kj ^ m^Xoj At Lo jJx. ^LuaJl Ltiaji Ax 4 ^.ijV! ^j! Jji *■ / (l ) 

. t ^<5 X (yMfc-L<dJ ^uLoll Jm>. 4,<W^ 1 AX /A / 4_L<.ii il l mi^Loj >1 *' 



isLsiSuXt- *u^uiit 


v. = 


a 

3.3 


lim kx 

At^O ^7 

. dx / dt / ^^yj] 4 t i.ujjlj X 4u£i2u>3 ^y^m.1 4 jL^JlII £_LA> i^JuisLcuJI iJ7 ^ 

lim A* _ dx 

v - • At-o 17 - 77 (4 ' 2) 

^-LstJLc O^-j-3 *3 a ^ 3^ 4_JLuu 14 ,ljv<L a! 4 11 4-C.j^u J I jjl ^>^-<wU (j-& 

Jljlj . 4V v 03^ ‘3.2 J£_ilJl 10S J^l -p-IJjI C^_3j c $i ^9 _^A l &.W a 3 £-« 

. I^i2.<^> 4_iIo ,-^JJ I 4_Cj_«uJij (J-ill 03^ ^ a rt.l 1 J^lc. ^ LJL^u jJ^JU o! ^CdLt-u 'O ^ 03^® 4-L^2i 


(3.2) 


♦ 4-aIS 'a-.U 1 4_ukl_>o'2l 4X.^_i-aJI {j£L j^LJLll 4_ufcl_>ol <X-C.^a-U 4-^-1^ ^Jl3c.~L*.uJ ljt_£,l_u^ (j- /3 3 

. 41o-fau^ILo <lAjuaH ^JLsfclLcuJ t__9 > 4 Ia m4_u4>l_>ol 4_£.^_u La 

J* 

4 _u*L>JV 1 <ti£.j) jl ^3 L^j <_£>^ ^ >J The Instantaneous Speed 4 _tku*JLh ic j^J\ 
4 -^j-^JJ fj^3 V Average Speed 4 U ,««jJUl uU 7 +J1 J& 1 .^3 Magnitude of its Velocity 
lid Jlii! J! .,«<^3 . SjLi! I 4 I t_^U^o <>L>^I Instantaneous Speed 4 akjtlil 

tig > JuX. -25m/s 4 _c.^_^ 4 -J ^__>-i i_Lajv i _ T ic. +25 m/s 4 _£Lj__cu 4 J CjI <1 .u*tt ->JI JL^l 

,25m/s Speed ^ JSLt jjjSj .JoiJt 


xftw) 




i—0 i.S' a<. i^?l ?rU j i iS-j (b) 1.2 ^JS—tiiJ! g^t.j >. uI! ^lmuj (s) 3.2 

^-t xxaj La Juil j ju 2 i >. VI ^uLaJU <Jaj<il (jy-I] *_ >^j. a ) tjy j-'>- (B) ^ (A) 1 (jw J^>J1 <_J^. *1 a j 

.(A) +k2iJI jj_a L>jJs (B) 4.LaaIII 


4x.^xxJ 1 4 4-15 o ^yjjLJ ^ I . 4_iliirtiJ! 4x.^j-aJI jC. 4 i l-a_->J 4jii^iji 14_ukL>vjVl 4_C.^_4 _uJI 1 iIa^ (2) 

. 4ulf>.r^.Ul 4xl^_tiiii 


( 2 T) > i 




(jD 


(3)^jt^-^tti rutij ^t-»/«j itt 2.2 JUu 

'j * 

jJ_3j X Cu> iX— -4 1~\- 2t J--LLJU-U L*-J-J J^xsjpi £_>3 4jl Ju>J J-IaSu . X ^JLc. ^-L».ii->. lLIj^lSu 

(jl 2^>2$ .4.2 <.~iil —^Jl OX —$J <>*jJl £_a £_t3ajJl .rar-i.a . t j iji-JL-a^L} 

Jlol _i_u (jff. X ij <L^ >21 l j r A 4_ljIj jJj! X _ali l_ 21 t*J! oL_>»jV! Li !j ztSa «>■ -*21 

^.j <.a.->Jl LgjX-rtj <Lvl ^ru2. (cl) . t >1 S j2c .X -J c_£j>.^U <>L>oVi l iij^sfcTu t — Is 4„k>. rtUi 

. t — 3 S ^J / — Is (j-a lIU j£j t — \S ^I / = 0 tjfj* 4_j_LajJ! 3^3 a ! I 

(jl JuV <Gl LiLJjJj - 4 _JL-u 4_u4>L>uI XC-j^ua ij^°3 t-JL-u jJj-U 4_l1>qj 3^!1b jJjj *Lu! — 

<jl (5) <(^B) 4_rwljVi < JiiUj . jLLoVI <U l_jJL t-u ij^c. (^B) 3 (2) Ov 4^wijVi 0 . 5 ^ 

. 4_l>. ^a 

(J7 3 1.2 4_!_}i *_L1 ^1 j—it— j —ujL . tr — /g = Is j t■ — t— 0 —l3xj I 3 V! 4— x . } .ayJ1 3^ 3 c? II ^b 

: 4_>2jl 4 _i_<jjJJLj ^Jj La -JX — At + 21 Sjj <^11 

^A-B =x /-- r r- A Ti- A A 

= [-4( 1) + 2( I ) 2 ] = [-4(0) + 2(0) 2 J 

= -2m 


/^ — t^j — 3S ^ t — IS ^ iJ-i > 4_ulail 4 -lLq^JI d^Iutl! plaj! ( >l_txL_>Jj 

^A-D = x f- x , =X D~ X B 

= 1-4(3) + 2(3) 2 ]- 1-4(1) + 2(1) 2 1 

= +8m 


*On) 



cj-lmI—uh ^jCt^>.\y^ I (V'jLa ^Jlc. 

*0^>Ji ^L-Jl 


4J — (jA_) 4 _j 9^_4.2 ^|S> Utjl 

X— -4/+ 2p- 4B^Lh1! L*jj j-1 t~ij X Jl>-1 


. velocity LxjLb ^ La-ift ^^43 Uaic (3 | 

jj-A Vju X — —4f + 2/ 2 4-uJ^-a^Lll 4 J_}LlU (—L^JcI^ j 9 (jr B 4 _jLcjJ (’1 } 

x=(-4.0 m/s)/ + (2.0 m/s 2 )/ 2 




(AjjtjjeJi ISLfa aCu Jjlj tSL u iSLdl - JjVUjaJt) 


(jjjU *L3t Average Velocity 4_u*L>uVI <_* 


i(b) 


2.2 aJjLni! jACi/^L ulljj j . A t=- tj— t- — /g— ^A~ ^ ^ ^jioj ^h-s <_y4 

jt j^>o (a) ^ 


Ax 


v 


A-*B 


-2m 


-i'(A^B) 


At 


2 m/s 


s 


v 


Axu 


8 m 


liiljJj iAt— 2S 4_ulill s^iaJI (^3 


= + 4 m/s 


(R ^ D) A/ 2 s 

♦ 2.4 am .)I (jyjs 4_Li2JJ1 d, lo-jjs3 Jo ^lr>->ill (J-ys q 1 Vi 

.1- 2.5 S aic £jlu*z. istantaneous Speed ic.I j^l (C) 

LlocoLal! 4 4.x <di jj-o^-s (J7 h L^_!i ^-lc 4j tS-*3Ji 4_c.^_«-xJI <>Jui> <jt £_i2oIL«_a_i Jl-i^LTJL} — 

x£l o^i (C) j_4bj.ll (j-uLoJ! 4 _*_o jjt \Sj^ 4^uij juj .4 m/s ^Ij.^ 4 _ojL<_uJ! 
jJ-JJ ^j^LtJaJJ . 4m/s fjfA J..X 4jLo-.^I jJSjJLj dUjJj * (D) J (B) (j-wlod oil JoJjO (_£jJt (JjjVI 

:<j! JL>o 2.5 S J-Lc . ~~^*iajJ(. I ^ 4Js5L*JJ 

v x = +6m/s 


. 4bjJo>Jl jJjLS/ I Jufej . 4_S> 


.LSI 


^-t- 


ACCELERATION (2lL*jJQ ^UIll Q2 

4_l2 j. j«,: r> ^ jJ! j-objii j_o LiJLaLtj (JLlus j^wl (JT& 

^2* J 1 A *4) 1 jIJlJLo J>JL_=tJ <jl "*ll 0-^3 (54JLljJLl (j-UXJJjl L>3 JlIc. 1 f \"j C.J—LM Oj_p jA Loj 

j_4oj_U Lr^ J J *~dt jl. 1 a t_ 4 j 4_JL^ioJl ^j^sjJI <U!ji£ 4_£.j_otJl 

JLiil {Jj. 1 * u . (4L^_*_i) ^jL^JL 4jJ ^l-x aOcJJ JL^J .(.q>Ji 4x^_m j.J-»T) L<jJu£.J 

Cr^ 1 ^ * 1 > * J-xxJ Loui. \c 3-^3 (jy-^ LqJlIc. 3jLj_<_aJI AS-J-ljj jjo 

.<iii5 ^4-LfcjJl j ^jLcul]! cJjjjju ^Jj ^Llrt_j 


1-4^ tj ,2^1^11 JlJlC XJ^y* 4Cj-uuJ tj 4XLj>X ^Ic 


V 


• 5.2a 


4-0J) < U a -o Al) r 4_C^_i>a]| j; _ T 5 J ^« “J1 4jLj ^ j « <i il ^4io-t-oj-Hjl 4l ^jLuxllI 

L^*3 CjJl^J A t 4«tlojJi 


a r = 


A y x 
A t 


L v >f 


v. 


tf - / 


(5.2) 


Cal) 




jL>rtj JLaJ ternjzxl I 


C«D 



(a) 



(b) 


♦ t~tj • Jul£. ^J(/ ^i *^*C- ^xi >- 1 -- aJ (^B^) Lr^lC^^ X JjH>dl CT^" i (a) 5 >2 ^jSu i iu ) 1 

(^jJl ^uAumll Jaddl (Jj-'S £)^SLj .<T< f u.a >La~w cjJj-rtlo ^«_j_*^j>J ^-AjJI —4c^_txJI 4.jia.T*Ji 4^^L*Jt(h) 

.A t— tj~ tj 4_i_L<a^JI SjJiAj] ^jl t-uTJl (^B ^)3 


jt 4 _xJk.^- 4 3 jL 2 ui Juir ~ I n) t ^_£_ 4_1 *A 3 » 1 j $Lj>ui 4 _£^>Ji L>0. i 'tC. t 4 _C.j_cuJi 4 _IL>. {J ^ 

(jIb T jljljj L/T (jr a 4 x.j^a-uJ! jLjoI 0^3 .(4dst_*Jl^ ^jl^u-Jl ^L>ol j-j^-ujJ> 4_JL-u 

4_l ..’U jIl-A (jj^3 ^jLotoil SI ^Uallt Cj( JL>.^ , L/T 2 ^1 ^j-xa^JI ^ ) >^ a Lr^- f*J*» ^ * (J>^ -il-JuVI 

L^j bjx. 1-* tit cjI j__>-jil aj j ) n i3 Q 1 ..iiJI ^>3 JLiit ^ <»Lr^-j * (m/s 2 ) 

. 4_ulj f 4_ulj /^JLa 


da-w 4_! ^<w g .>. (^1 <jt i ~r L *ri 2m/ S 2 fcjLmJ 4J ^i.uy (jl 


-A 

4 jt jj < 3 ! <.*1 ^ 4 j < <ifl (\-c 4 _£^_r* 2 ! j<un .>Ji \ jlj liLs . 1 s LajI jl 2 -« £^ls 2 m/s 4 <> j IL jt^yj 9 
i^jLa^l oUjI^JU j-jy “i_/.u> L_iLaSJ! I Jlj 4> (jr i3j . 1 jSLa^ 2s Jlaj 4m/s 4 Is jl*j + 2 m/s 4 _c.^_cu_j 

.^JjtXi ^jjtLti-iJ Lout I 4-lrtX i4.L^ji II 


^yc (^LlJjJj ♦ 4 a1!L>JU CjI^* itftl 4 fthV a .l^.tjUl 1 ^jLuuJI 4-c, ,x2 Lcjj 

(jr J! A/ (Jjj3 LqJLlC Ar ^JlC 4»j f 41 rt ^a 4ilj_cuJl da^-ojJLa 4 _jL^_} 4j I ^ic. ^ k ■> 111 gjLuuJI (—d^AJ (j! .. 1 i a 11 

IxLtitJ ^ ijy h L^uotBlLa 4 jlacr 11 i 4x.^_iJl cdu^JiItl 4 JjLq -4 ^tibLail &JJb « 

LoJu£. A vj A t 4j1_£j ojl^Ij 5 . 2 a jjSv 4nil ^A^)4U^ 4 I i j^n j ( 5 ) 4l^2i11 

: ^4-dajgJJl 413CJLI!) ^ la Trill ^jLi^iIlII (jfl^ (Jx^i-a- i'°i ijULUz 11 At 


(t^tlll £jluul\) 


a„ = 


lim &v x 

Ai ~*° ~Xi 


dv x 

dt 


( 6 . 2 ) 


cJu^jOJI ^ W4i fjL 4 x.^j-4J! 4 47 ~i mi .o ^4 jh^lll 41^£_3 l 1I^ ^jL-uojl q\ ^ 'it 4) 

4 -C^i u ^ji <_LlJjJj .( 5 . 2 b (J^- 4 -uJI^ ~~ 4 _g.^_uillj 4 ^^>La_U ^LuJI ijr A 

ill ^ylgtlll Jj-'S y&> qu. i 4t ^>41 ^jLi-uJ Jj (x—'t) ^ J 4X4 ^rll ^LJt ^f-r m (J^- 4 3 “^ <-dj»^JLo »«« >- 

t^yjS J, JL a—HU jJjUtil 4-jl {jr^ 1 (j-^3 2 -^ 4_g < >4 ilL) 4^.j_4_uil j j i u rt") \ i '& -4JJ . (V x ~t) ^ j m 





Cl ^ <X l-O-jJU oL>uVI *£j\ muJl t_3J) ‘-u i 4. t .^-j-a 6J^. dulii ij]^ ,4_c.^i-uJl 

.A'J C_Ui_cuJt <>L>oVl ^^Lj-ajJI 4_iJLi-i> 


^JjU LaJixC.^ ■ ^JJj ^jL-ulU f\C- y.±JUL 3 4i^ULjl ^jl_uAuji 7-^>LLi_uoVl ^(—3j^_u ^ij L -4-L f lJ 

. da_i_u^lll 4i3-uraii LcjI_> ^ Juic^u_aj i—3 ^j m da-^jpJU ^jLt-tui! 


: b \yi^yl I (_ r ic. 4jLa£ l uai 1 /^-<i-3^ v — clxi clt 

civ 

«v = 

dt 

. 4_l^1!Lj fiLulitJl 4.^,,:^! LjLi-a^Q Lt-uTj i Jo.1^0 JijLJ 4^_>J! ^3 4^1 ^ la aj 


d I dx^ _ c/ 2 x 
c//l d/ j c/r 


(7.2) 


~ 4 _c^.. m 1 1 ^ (Aeceleiation- fimc) <_u_Ljl^ Jal—u^l 2.6 i ^ > 3^3 

4 -C-j-aJl^ ♦ 1 J-& Julc. — 4 -C.^jjJI^ lU ( _j r pa L>jLtu_x 5 ^j-aj <^1 J-lc. ^jLuitail ♦(l> /S 3 ^^ 

♦xJ l_ 4 j>.^JU (JT $ 4-c.y a*J 1 jji o_i 3 - 6.2a ijr 3 uiUru 4 ^ 4 _^>.jJU 

4 _-4 -i. 4 (^>)J! — 4_x.^_<_uJ!^ £ JT ire_iJU 2-i->3 ^)^£Lj L_aJulc. t t J < c. ^y t^> trll 4 <1 j rt!i £-jL-i_u-jJ! (J-uaJJ 
4_ji ^J-S-C-S j ^ <t l\r ^Lc-i 3 4_c^_m!i La jJjC.^ ‘ 'b tj-ajJ} juc. ^ rt u~i\\ (*-* » k£ $ j ^ x ^ 

XJ <—-^- > -^1.1 <?L>oVI 4-g.^ <_uJi (J-iL* LqJlIc LJLtju ^-j Lt-ulll i *^\j a ts> (X)^ " /) yj .csc-JLt ^j^LcuJ 

. t ( , Xlc. 4jJlj_a Xa_i3 (j^\ (J-uxJJ 




\^ 43^>Ll1] ( 2 ) . U^. ' t j^la-jJl ^yXtjJU {yA ll! 2^ JLA ^6.2 J S/ U .t l 

.4$A>Ji ^J)t I,uTf 11 ^ ^IrtxU (b) .4^->Jt f^yA t-ySxSi 

iy^-AJ 4-Ic (X) A . -t) Cjr XtJuai! ^Lai! XJ>* 2 j_^ 5 / J Lu-3 (tf^- /) ^Lj-jJI ,yA ^t^a.U ^j L^J i l l 

, t J 4-^utll 


a x i v x lx dxJjJ ljISMjJ! Jt^a 3.2 

^JjxlLo .7.2a ( J^, < a.1 1 (JT ^ X Lr^“ 1—-«JUC ^ i «- •>• g-3 ^—a j. J , « u 

~ / 

. ^jJi ^-4 ^^Lc4lxII^ 1 


C™D } 






(^ru . 4_Li^sjJi ciilj J-lC. ( X~t ) 4-^^jtU ^Lj-aJI ^Jbr i«JJ jjujLqJU <J_po 4 _La>J ^1 JLlC. 4x.^_lxJI 

L^ t4 4 -uLU-t >1 a 3 jLj 4_c.j_j.uJI jlJjjj dll jdj i^a,llag >L (.X-/) ^LxjJI ^ *,!>' .}! JjJ t— t$ /—0 

. 4_iuij 4 -c.j tjJS ;Ji^j i&UjlIj . LbL (x-t ) i _ 7 l^Ji,l 3 t a 0^3 *7.2b <« U £_ujj_>3 

uLUG J. ic. j.i. A^aJl 4j_gLrf.ii a 4_c.j mil 4 jliiijJj <j a i^il! Ljl m a (jX-/) ^ GjjSL £]j 

^1 IoToL (Ju^Llxjj LJL-u 1 tj gjK 4^.j-irfJl ^^yJLJLj (_X~t) jJ_pa U3r^£ ^{3 CX-*3 

Ij-o-ij . (^Jl £p j t LtiLtji (x~7) /p ^Jt ^p o^ 4 SjUjJi *4j.t.dll &*xjt 

.(/> /p) Julc P^L-ij (jl <-iiJjj l J-tll<ri\\ LjLi.il <3 ( X~t ) (jA'Z- <11 (jj£L t-p Xjlj 

. 4Ja5tUi c-ili j JlIc (X)^. -/) ^Lu- J i {jjjLrfj-U ^J-i —a LjLcu_rfj 4 ->J (j^l (jpS ^jl—*. it -< J i QjSLj 

L_>-j_ 4 j LlsIj ^jLu*ill (jj^Lj ♦ 7.2c iiiII ^iu'>Jl Ijl^J p^jJI ^-jl «,«**!I ^L-iJi iJ 7 JbtJJ.I 

J= * 

* t > /p J 4_u-uiJLj /g j /^ £ju Ij-ii-uj (jj^L ^LuJI ^JbuXi ^J-uj 3 3 ^ 

P)V Pg j /g C / 0 4_iJL_u 4_LojVI ^>jla j Airfoil Lj L-^° ( V x ~0 (J ^ 1 

* 

. Sjluijl LJU« 03^ (x)^'/) ^LJ! ^*•*- i^\t 


_ f _ J\^i^l\(z) 72JSLuJ1 

JjL ((j-ajJl -^jXi) 

—4_Cj rful 1 j ^i- Te - i - U (b) .X jj_>JU 

4.ilr. L3 t^^J^ 3 

j ^jLi ill ur 'i** - U - U Lfli i_^Lj_3 {_y* 

^jLj.iJI (c). 4^>J 

p ■ n'y \I ~~^jL< a < 11 ^ J 

J jJj —a (jj;L_j_S j-a 4 -j tIf 

. 4.la.->J — 4jC.j_uu1 I^ 


CzD 


















tSLc a L u J^^ ISLulSLjXt - JjVf *Lj^-uj1} 


■ Ij cl 1.2 ^JS C t-u J ! ^^3 Oj L^ u J J i — 4 xL^-j_uJ 1) 3 -i. ill 


^JlC. <?JJl->JLI 4 aiioll i^yC- JujO Sjlj^tli 4_C.^_(_o 0_sL5> IjslI Q-l-p*~J ^yjl-t^Jl 


.(30 Km/h) ( 3jj3t> 11 oL«^lii 


4.2 JO* 

c /.a.^- = (40- 5/ ) m/s 4 ^^'LlLI LlL» o-^j^i ^-a x u^- £ *- £ -> j - u 

./= 200s ^jl t= 0 O-* 5 4-lLo^JI 3^Zul11 ,^y£i (.La <-u^nXl L -u- J 1 jl>.^i (a) . ^jI^JLj t 

4-cj^-laJI os 1 43}L*Jl ( y^ 4 A r. (u^. -t ) ^Ll-JI ^^yj^t-Ul 8.2 

0 ^ * LcLoj LJL^u q ('U ;c "/) ( _ 7 _btii! J 3 I 3 C;r L£. (Jfil 0 ^ { - jl £ .liUl ^jt_A ^^3 (jr LiAi! o-^J-^j 

. LlILj-u ^jL^iJI 

^3 t ^ j <? 11 0 Ju4> ^jx. ■A’iiL /p— /p— 2 . 0 s t/“ 0 jJx. 4-X-^. iuJj O' 1 i-t^L<Uj 

:4x.j^uJIj ^L A t . J ! 

^4 = (40 - 5 t 2 A )m!s = [40 - 5(0) 2 ] m/s = +40 m/s 

v xH = (40 - 5 t\)m!s - [40 - 5(0) 2 ] m/s = +20 m/s 

:_ 9 _& A t — - ^A~~ 2-0s (^s . U . <,y ( 11 ^-jl^till 4 ciUjJj 

v„ v xK - v xA (20 - 40)m/s 

( 2.0 - 0 ) s 


V xf 

a r = —— 


t r h 




= -10 m/s 2 

^_i c.J ^j^AJ {Jjaj ^jJ! 3^4 » 41 1 u.U.11 ^jLulI! 3 ^. mOI I Ijla 

((jAjJI —(^LuJI j^jbeJJU Sjl^jJlj AjIjuJl 3 j (y^i 4aj^j (_$jJt (j<u-u^JI 

. t~ 2.0s 1 vif- ^jl 1 . 1, 4 1 {y*£- (0) 

/+ A/ (j-Aj +i£. <Lc y ijJlj 1) — (40- ITl/s <C*51-»J1 j 1 ^" t (jAj (_gl J-i c . 4_c.^ mi l 

'■d£i 

V - 40 - 5(t + A/) 2 = 40 - 5r - lO^A/- 5(A?) 2 


Av t = v xf - v u = 


: ^ikAt J>U 4_c^_t-uil jjJOJI cililxij 

-10/A/ - 5(A/) 2 ] m/s 


CzD > 





CzD 


:t 


{j-AJ (_£l Ju£. ^jUull \ ^Ixli-uJJ 


: j.a,^ct}\ ^1\ At <JjJ3 [aIc. 4_at_*!U i! 4_jl£i!l Jl>.|j At (^yic. j-u«~11 ljufc 4 <.»aj 


a x = lim 

A/—0 


Av 


. = lim (-10/ - 5At) 

At Al-*0 


= -10/ m/s 2 

t= 2.0s jJc. ciUjdj 


(-10)(2.0) m/s 2 = -20 m/s 2 


v x (m/s) 



4—xLc. — jla >21 d>^- xiJ 1 jla^ 

s^.rcJI >- vIia * 


4—11 (—10 m/s z ) (^B) $ (^A) Cf^i 
olljj (-20 m/s 2 ) (5) jJx. 3_jJijeJJI 


O^-! _ 0 ; X) 2aa>Jl Jj_ a 4jjl_ 5aj 

Ji-a (b) } ® (jfO (Jj-otjJI 

'b) JU£. ^UII 


—4— c.j —«J1) 4_^>LjJ! 8.2 

4_B^_*li L*_lj X ^ 1 iT. ->J fc*)JI 

Jai. J-i^q ^jL-u /- 2 s m~A\ .v x = (40- 5/ 2 ) m/s 

. ^Q^J! J-iil (jjjL^i.1 


IjuA Lblj J JaL>-V 

^jL.uu \S ^-j_j>o /^pJl 4JI_>JI^ *<JL2JU 

.5.2 u2ll l>JT £t L^a-o ojLj 


. 4 ju.*. a 4_ i t n‘i 4 jL_£j Ujld*I ^<u 4_JI jJI t—> ~>i Lji Jlj ^jLj 4_ll jJI Cj\ S*t fu a ja.X Zi~i\ 1 / a .4 £^t_j 
jjl jxJjJaJI 0 Jl& ^JL>*1 (jA-iJ JLAI1 (J i x jut ^Ir.j . 4n^xii_i CjI_4jl_AJ.I 4_l_j_Jt-a lIILlA <jl l_3jJlM 

o'jjt JiLo n 3j-3l! < 11 »Ulu x (j! JULoj . 1 j a ^ «r> c-ulis 4 3 ~ A a 

4^>uji 

. 1 Jl>- 4_11A ojul) . Cajl £ tl j A c"t j~>- 

/ J 4 i < a jltj X 42.“ 


(jfx 

t// 


= nA/" 


t/it 


:r,l 


2.4 jJIAo ajjc.LaJl fljL4 2 j.‘1~ i ~,i.v 


——^ =-10/ ol^'Ur = 40-5/ 2 
J/ 




iSLyUy ISLutSLiXi - J«?fc*H) ^U>-udft 


MOTION DIAGRAMS ^LuJ! v ^4.2 

^ [~)0 .1 "i^ a 4_no_2_>JI < l_4^_txi_*J *_o ^jl < ii.MlJ 4 xLj.,<iJI {jr A LJLfT. Ji-ljJb 

J 1 LcJoX. fcjb luilj 4-£.yeaJ 1 ^Lu ^-1 uj^J e \S-JJ>*}\ jJ-lIxW ^Jl^sIL-uJ S-lUli 4 . LiL^J 

jlj-ilL ^Cl^j ifu. $ (j^Lui^Lil Jol>. cjjl^j V ^low^ <UL>. 

JS^Jl ^b^ii £jLul3! 4_?di Cjr ^- eojUejl jj^iil^ 4_Cj_<_«JI 

“ JS ^ 

3^ t^<».>J1 cLui Sjujlx. cjUoj>J jJLc U-Laa-La^j L^..;-uj oL^_^c.ixJ»I ^<u-yj ^ *9.2 

^1 1 <\y-& O lx: j_<a_3CwQ Cj^VLj ♦ 4.J al eu i >a (j^_jjLllL>3 d^uLrt^Ji CjiyiAil 

tl CxjXt-J .jUlUuUJ (^J vl^> (J J.lo ^ylc. (j-U<i^j! ^yi] JU-^JI 3jLL{_tij 4.S 1^1. {? 1 1 

» ^j-jj^ 3 ^ <jr^ PIhsIics yiyecaliJl (j^J 

<1^1 eu- L I ^.a dJ £_LlXJ 3jL j co J i ^-OL J LcJ 4_>^l_au_oQ jLftjl ^ix- 3 jLjUu 21 ^U-O 03^2 & 9.2 ^|$Lau J ! 

. ij» O-i ^ ^aleoj ^jl_eu!Lsj 4j_)b 4_j_>-ya 4x.j_aaJ 3jLj_auJ l l_LUjJ^ 4-U-flJ 3ybi (J^ 

<JL>JI o^yjt * ty 1 3"^ -^3 ^ ^ IjxiL_u yL^i cjL^Lao-<3 ^ i xaj t) 9.2 3 ^ -*-*‘- ^ ' ct^3 

• L_e>-y3 £jL_uJ^ <Lu>*yi 4XLy_uJ 3jLu-aJ! I ^=> 4_C.^_oJ! 4_^Ls 

^-£x 3 Lu_) Ce_^>. LU^~ lLdL-lJo 3 jL_i— eaJi ^ji 3^- c 9.2 ^^3 

« U U ^ -v- 4JUJ! i?Jui 3jLj-eail ui]^--^ jjJ »^a 32 l ^3 (jCi JllLILq (_jA_3jj-a3 3^ C^V 

at ^G a trisr’cl l ^_<_ojJI (jLA /y 3 lO^J * j. 3^11 ^JJ 3-^J L>^3^ i_JL_o 

.t-jJi-eu le a l I I l^U- U 4y>.yi 4x.y_u_3 3jl-leaJl eily^aa-3 . JL>~ IJ <?L^>ol L-u_J ^jLeuajlj 4-C.yeuJl ^g Zt -La 
.cevy ^1 tyJLuu di_jLj ^jLetUJ 3 L>Ve 2 ' (>L>iJ 4_31 JulJ i cii^XtlLs 3^l.t.eul ^jLu 



uu- i 4a_}iii 4x.^ .ui; i tiiytlu 3^l_u_u 4^y>kJ yiLu 32 .^-> (h) 9.2 

4. 1^1 ~ >J 3 ^ - S -X <Uly_uj| 4j?tX4 Ju* . 1 £~lC.j-i-u (?L>ol Jjatij ^yS 4a4>L>ui CuU pjL.n3 I 4 ] 3jlxi_a] ^yLuJt (b) 

^lyoi OjLj l £. C jLeti -1 3jl_J_euJ ^yj Lj - l Jl ^CUjjjJ! (c) . m 3 1 Jt 1 aILl Cj_'UjJ 1 ^jLaalJI ^-4 ->-1 <■ * } 

. 4ia_>J 3 £ (Jy ^ 4XyjJi tfUol 



o > 





wbUI thrift 


CzD 


S j^Oj^-i'.uj I 0 i I ^J3 1 (j f j LaJ / j) 1 /j £v _<^ J /^jj& ( ujJ 1 0 Lj>0 j-.\ a a.I 3^ L-4_x^iJ 1 C<J L^" IJI (a) 

SLj>-jja L^tjLiJij (j! (jSAj (J-* 11 g~ c.j-uu ^yi ^,-Lxp ojlj i .41 o-il^ li! (b) 

‘~ ,„~\ p yt~, r»<,U^ s ^5.2 

ONE- DIMENSIONAL MOTION WITH CONSTANT ACCELERATION 

Juu ( __ r B 4 ^^! .{J-iLeJxil 4 ta ■- .a 3 a i a. a ^^_j_*j ii! 

fjl. 'll jjSb i 2 JL>J! ojui (jr^j »cujIj f j 1 ..i.<i ~!1 1 % j 4 l 4 ^j^>JI !j>^>- £jL 2 J 1 j j_^.I_j 

4 -C^-i-ajl j j « “< all 4 li_>J ^1 J \c £-jl t ■■■" 1 '• 4 -jjJLaj ^1 jif > l~i <ujjU.l 

. 4 £j_>JI (Jjjtil ^ntf <^i 

:<j! t CjSj ju£. (j-^j-Ji tjr j tj= 0 Lijt>-fj 5.2 SJ^mi o x _j ^ Uioj lilj 


i> 


a, = 


xj 


v. 


»xf = Vri + 


i f 

( 8 . 2 ) 


^ajljdjV! 4-C.J, . dll Ll!3j_£. I j! t 4 t4 r [^i J_/£. ^ i ii •>. 4_C.^_i_u ^j\ j *~i £ya 1; /5 ^ j j j jl *~i i i I.LA 

(JCi’Jl ljf £ £_uo^_a C.jIj ^-jl. .ii_"o 4^*11 — 4-C.j_j.uJ!) SJaM-iti! (^LxjJi ^ 'fx 111 . Oulil! 4 _£.jLui3j 

* * 

4J_>3 J^sijXo ijL&J ‘ a x (c<jS) 1 1 u* ^LxJl , 10.2a 

<jL£" .s r 4_>.—i*L~lll - jl L7^- cJ^ ^"^3 3— 4 ^V . 4JijLj (j_^2 <3^. — d / dt jjl 

^ sS 

. LoiLi-y a 10.2 <.1^ 1 jjl i_ * L^ILj-u ^^Li-u-<JI 


4 _L _4 ^j 37 t i <i a 2o_>. (b 10.2 JSLuJl) jyojJI L^Jii 1 <j^-> LHj12 L^_“JI (j^^ 


. J-A-U2 


l^3^ 


2*8 4JjL»_U j^>» ^ <_ 7 ^-*- d ^ ^^> 3 ! 



Slope ^0 



m 

.U x CLulij ^-jL-fcuj A' O 3 I 3 {j2*- ^u-ujv 10.2 
(c) —^jLuul!l j ^<•>lU (b) 4 ^>Uli ^j L l 11 ! (it) 

.((j^ajJl 4j2jLnil 




htflj ISLilSUt-*b*iN 


^j-C j-ujtlll Lx<SL<u *8.2 UxbuJJ 1 a±Lr> £~& LJga->> j.utu C- u Lxil ^jL-tuJi JU+L <Lc^duJ! ^ji cb_p- 

: 4_u5L^_uII 4x.^vj_uJI ^ XJ^y ^ Ic^j-uiJ ^jLtoi^. <-La .'.u^-c^fT 4u_Lx^ 2J13 4.1^./ n^IxJL 1 

1) . -+- 1) 

a x cjjj] jJji (9.2) 


v r = 


^ + % 


. LxjLj ^j b -g j JI 4JL>- vIn 2tSi Jvibu 4 ,l^> t ucj^X 1 4_C^_<-uJl ^C. j^ u ju i t <ji 

' <>0*^ ur^ *3-Hjl_£^ ^.<u—>. ^i.c. Jj_»^ -^U 9.2 <2.2 < 1.2 cjVxi—*JU ^ 1 j^scJX -<-<> 1 LliSLoj^ 

(^ — () j_^Lj L_ut At t j»{ j^LLt-ub^ xi' - Xj J- LlhI 2.2 UxLaJJ Ax 4 _i ^ <_o3 SxLcbj 

: J^li jjl liK^j 

Xf - *,- = VJ = ^-(u* + f A/ )/ (fl x o^ ^) (10.2) 

8.2 ibLdl jj t " 2 Lj CUjLjJI ^jLcXiJi JlXl .L i t _ ;r ic <jl ^lLuL^u 

. 10.2 4JjUU^ 

1 , 

X, 


\ f ~ *i = ~(v xi + V xi + a x t)t 


1 2 

Xj - X. = V xi / + -<I X / 


(11.2) 


^_tilj (<_ ly^a'j C-ub L^-CjL^b 4fJ^»J (^jjsJJI —£xb^il) <L3 ^LaU ^^Lt-xJi { jr Ll J ?c-> 
jlxc. ^ir,»• Ul 1 x 4 ] jj^LsLti Ja >> . J-^lSLs L>°> Lr i_^bil (ji . 11.2 4JjL*_lt 2 . 10 c JSLcuil 

JlxC. 4_Cj_xxJ! ^£^LuuJ ^-3*1 XXc. ^^uL^_t,l <lg g» J_l^s^ i TJ^y 4 _jj1 JlxjVI 4_c^_<_uJi LmJ t -— t• — 0 

. ^xf \xa> 

UjU*l! 1 ^3^JgJi X- X->JI Jib 1 1.2 ibLUl 4^o Jl_rrX U jLbb>.l Jo-T Lu S L ^J 

c^j-ajU 4-u.ujUj UxLjlM Jxblljj 


^ dt 


dx f d ( 1 2 \ 

- J - - - r +l) .f+ —/7 / = 


—i x- + v-t + —at j 
dt V ' 2 A I 


v. : + aJ 


(jji / 4 „<i j.^ 2^c. :Jb (j^a LJU. d_uL^x!l 4-tl^.miJ j-i xjTs ( _ r l^. jJjj lo- a»21 1 u*v a ' 

: 10.2 xJjU! J* 8.2 ajjUIl 


x / - X i = + v xf )| 


V r - v - \ V , 2 - V 2 

xj xi j _ x/_ x? 


2 a v 


^jc/ — V xi + 2<3 x (X/ x) (a^ ojjj jXc.) 

/ * 

11.2 j 8.2 HxLstil < l^-a-uo ^jbuu ^jLuj jSc. 4_l<- hI JIjj 



- \ JU) 


X 


/ 

/ V *f= V *i = V x ] 

/ 

P 

II 

K" 

1 

\ 

\L - ( 

' t 


when a x = 0 


(a) 

<v 


(d) 


l I jJlx£> O^-J L^sJulC. 4jt 

.(j-a^JI £_xi Ijt-.-*. ejiiCut cQjlj Sjij-uJ! 


(b) 


(e) 


(v^-t) (^Lu fj-jsKlA (J£ jjUa 11.2 J SL^J l {j£ 

. i h i^> jj (JjjaVI (^jLuJ! u 1 sc .iU 


(c) 


(0 


^ (c) ,(b) .(a) t l>VI 11.2<J£iJl 

i «i~>U ( "U -t) 4J>}UJ 4 _uLu CjI iI^e-La 

' x f 

f-jLu-uXll JULJ ,^3 uilj. SC. 

Cr^ U-^ 1 Cjt^ J—^ > • .3- U 

.(f) 3 (e) c(d) 


^,111 J 4A.ul^Lt^ Cjl^ajLJtj f^yJb 12.2^ 8.2 ^oVjUI 

Jjj ^ d£j-3~ dJl 1. 1 O (^1 Jf. ^ j». -V V 1 ,*mJ LcJJ 

Cu_jL^ jLOn^l ^b ^jjjL>.i.c-ulii i au j^vlj 

# 

CjL>JUJU £_>3 i_t_4 ^jLcuuJlj ^j.-Q 4 rtl >*<i A 

# 

. LjjIj t.u J< (ji JljJIj 4^aj-oajJI 4 j^_u»J! 


j L pjvl .2.2 JjJLrKib 4_Vil*9 4 j£JLo ,^B 4^oJ lVJL-uJU 4-i5k-uLpJ^5CJl Cj^jLjus ^jjVI 

Qja (J ^SLj LjLj_>.Ij . i±U oLq^LlI! , Lx;.1 tj 4 < 4Jl_>J L^o1„Lsfc-1—< di^ J>L*_U j j r A ^1 

4x.^j_aJl jjl ^_p3^-b! ijlill < J-1 i IU (J^>2 CjVjLaJU 0 JL& ( y J a ^jCl! jL*-a ^1,1V 11 irl 11 

£ 4_j-laj SjJLB ^lstlA J_*j 4-iL^.ixJt ( l ) Jl_>o <4llj Jljlj il L t^LoJ . ciU ^^ (3^ 'U^ 4 _lj! jCuVi 

4JjUii ^IjlV 1 it 4 j I a j 3 jJiB a Jljlj 4-^-lj^j (2) $ tJ 


xf — v xi + ^/4jjLtXi ^IjlV^LlA) 

• X j^>J.I oL>2l er^ ^>^1 (>“ (3^*nJI • Xy - X,- = D x/ t + “ a ^ 2 


|M2Iai4 JaV ^ ^U5Lui,4.US^t G V ^UXM 2^ JjJL^Ji 


CuLj u>~>Tt qjSLi ji 

5Uit_all 

\i.ti t.iu.tirii.jt.ti 

v *f = v i, + a x t 

(jyB 4Jij^ 4x.^ <.ti.Il 

1 , 

x t ~ x , = + v xj) t 

4x.^. < ii.H 4j|jk^ 4j>.|jVl 

1 2 

x f ~ x i = V J + ^«- r 


^x/ 2 = 14, 2 + 2 "*0/ - Jf/) 

4>.tjVi tjy B 4 JI4x.^u-ail 


X oL>«ji 4^^>JI (jl dirwV 



t iSLt4Lu iSLuiSLjtl_- 


. (jr A 4^->Jl f-Lul js-tiUJ ■Jt oL^JI o' 


.^pL<-u_llj Cy* {J^-> CiV-iLaJU djufc ^iJwJcJL^i 4^a—tlhx ^JLc. 

J> 

U 1 j»Asej-uU o' ^y3 j2£i /)1 3 ^—Cj i^_<3 ' tf mi-<S> > <—£Jj_i_u^ 

L^iSLlj i.^J,3 ^_u*It_) ,^^11 1 4 JUhJI ^ J_jn?Lu-uj 4,i£,ul 4 G t£ 11 CjVjLft-U 0 J_& 

a 

. Lj-jIj ^jL-uIiJl Cj^y LaJuC iLi^- 4 ^JusGLuiU 

^Iiu'vV *5.2 <JULc 

s-LlILaalJ 4_Luu ij-t-^lj ^ Ic . i 0j£ i_S-XG3 (&) : Jo-lj JJtJ 4_JLjJi CllL£j_>Ji <j! j. ftC 1 

100 m/s ^Jj (3 tAi 1 ^ic.y. —4_<j ^ ii) ^ •* * * 1 - Cj-° ->4—<-> ^ L . — i ^u 3^ L >_<-d (b) l.. Aa-J ^j) ,* A 

0 J 1 - 4 J 4^-^Jl lIxoj <_£ I cdliA ,Jjft) , <CuLj AX-j^u >1 (J^>L>. j-BJaj 4 _ul G-> 4 4 jLuLi_u (c) 

Ijj 4£^>Ji (J^io ( jy lc. ^Lc-^^-u.U 4 jjL*^c 4_i1^c.D1 4JLj^ul\ L&JlxC, (jr^J 

.^JoLajtJl 4.La.^lH JJljv udJIl^ q\£ 


4-L^-jJ S^iLI I -jl c-jt i— 


4jjl xu t .^a 4_3j,i aU 3j^li 41^> mjJxJLt 4-Cj. a lull (&) 


. (Ax / A/ L$j 1 ( jr Lc. C_3 j_* 3 4.Sn.fctr^HjU 4_X-j-t-aJi (jl ^JG) 1 j_jLuo 1 ^ ~vljl (j^J GUjiij iL^jjIJlj 
^2>SL<uV (b) . 4J^>JI (^^3 4 lo S i <jy Lci J-Gi J. <3 (^jLmj 4-tla.^JJl 4_Cj^_tjJl LAJlIc. SJi_3-IJ 4loa.s 

GrV J GJLLa jjl ^Ila.*-U oLajl* 1! 5jl J. ^<11 4 -Lxuoj-GJU 4^c:j_^uJi ^^ L c7) 

L> Gut _2 ^ 100 m/s 3 j^aJl 4 ->J 4_^j,— lju L 4 J l- 5^_*-o ijVj 100 m/S J a. ur h}\ 

4_ , J I LajGIc 03^ (jjGJI oll^^.UI LLa tji 4_il_S <4_j_La^Ji 2>j .G a! 1 JM-j- CjL^jVI 

. 4 to 1 K^li 1 4jlj^_uJI ^jLtaU 4jh'*-Ut 


4ix*-u^jJsl 1 r j-ujj C-«-S^ \ JuXL 4-tiar 


1 j fi C. J-LJJ ,j^SG 4<CbD 4 'lj,rt , »ail 4^tx5ti]( 4_C.^_t_tJI (c) 

, 3 J^s. Ij 4 _G_>qjJI J>li- 


£dJ-^-“ (3^° L^i . 


1 6.2 JH 4 

g_>3 jJGw j ^__4 ^yjc> jj. G) 1 —<gjGc cxLc.jL-t-aj <.L>-t.x^ *1 -<s jj3 (a) 


4. <4 ^ Gj (jl <_b^_i_« 5 LijJ lGls ( _ 7 Gil gjla *11 jj>J>[ j U /yo j_j_5>i ^lr. 4Jl i ii 11 cJJt> 

. 0^>GuLl/O 4 <—4JLi<n Ji (j>s <a A . 

> 

Lujj 4 t4_cj—uu i i ISLl>L-q.Li.CJ i oM-ill 


CzD 







(J ^£i ^-LajjVl di_&wC-i oiljjj I 100 Km/h 4_C.j_uoJi ^j! ,jyoy~a > Lkl_i . jkJ jL-ioJj 3jL>0^ 4-C.j. ,x,ujl 

3600 ^^yic. ^a3 ^jl djljJuajiu^JI 1000 4.4^2,11 tfJLA u^iAij . jj^JU 

£)1 (J^iU hiC-i 4_i2-i_S_>Jl . 3 4^4-uaJ \ 4_4-m-£ l_Uj_4J {_£jL_uJ djLLx_u_>3 l OJ (j4! CjI-£.LjJ1 

c_ojJL3JI fjjn £^JJI 1jl$j /^c Jul_u <jl dL\ ^£ju) V> x j -® 30 ITl/S 4 -£.j_*_uJ1 
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yk‘L^ 4 _oLLclj^j dll Jlj>- dit Ju IjUa 4__xLit3 dibL^w ^^jtj Ladle. 4jj_d_iJl ^L-SjVl Jo l 2 .^..uU 

.(dUj^ 0.5 m/s ^j lmi/liL-jj^j 

. U^.y ~ 10 m/s ^jt 4—uL^Ji db_f.j cJlu tyyy bl 1 « /.-if 1 d^ldj dLil y ■ <*■ 3 O^L? 

< _ T le. Jdc-xJU ^Jd 2 ill 1 JJt ^LJ t X)^j_yJl 'U^.y £y3 ^j.2.1 it j iJ y£3 1 OS ^yJ I d_L Lj dl_il ^yoy-ao i^_i->»l^ 

: 8.2 4_IjLtil ^1 jbr~ , >[b £y\ i ti~ 11 Jjvjj (jl dU3 wUu 1 . diijUcxJl 4_4 _iL_L 1 di3j_j_>. 

v,t - v xj 30 m/s - 10 m/s _ . 2 

a v - — -- « - = 2 m/s 

/ 10 s 

d-B ^_jLu La LlILLj \. \..i-h.A<y LL-AJ-4 <j^£b *»ll (Ja-. ( jr xAdJl 3j) ^ ->2.1 {_ys £^jJl \j-& 

. 4JiAjJl diLuLblll ^_yi L&J] (J-ea^ILi ( _ r jJi dita 1 I^LL (jofZjfi 


< ii n L^-iLul dJi^ao ^_J1^ 3/uifl <■ tLul Juu (^1 (jyll (b) 


: 1 1.2 AjjLauli (jyi 5s {Jj! i;U!i! <£.J)In 2 1.1 4-^1 t nil yuuiSc^ -^^^1 

x f - x ; - vj + -b t r ~ (10m/s)(5s) + y(2 m/s ! )(5 s) ! 

= 50 m + 25 m = 75 m 


u>t^>lta <LUl^» it-> :7.2 JliU 

cj-o_3j l3j L^-cjL iu Lo (ft) (63 m/s)«140 mi/h 4_c .^_uy dji^bUo 4 JLqL>- 3^jLb Ja-x^j 

S2.0 s juu 

jt * 

^yJl 4^Ld>^L 4 jI j. ^Ia3 4Jl,«n 4,1.1 4_u LlU Of. lj-3-11 . 3 ^jLLJ! ^?Lj>o 1 <Ub X ,jyjl Jo-Vi 

;_gjl 1 ,,~ 4_uL^i!l 4_c.j_^J! (j! Luajl .63 ITl/S ai l~, ♦ 1,1 4_uljLjjVl icj-j-uil 
( _ 7 lll 2.2 JjjlsJI y* SjLp-^JI <UjLl 1I ( _ r A 8.2 4 JjL»II . L^ia_p ^Liiil SjjllaJI 4^-ljl (__,U«j Ljl L^ajl 

:^jl...,uH jIscjV l^axj- - , 1 ,, 1 dl!jJ_j i4j>-!j5?! 

0-63 m/s 


'O 


V xf ~ V M 

a r = —- 


2.0 s 


= -31 m/s' 



( ISLbtSLJf - J^V! eb^urff 

*Lui SjJLLaJl 4 jw!jI {jr & U (b) 


. 4_oJjVI ujL-u ~>J 2.2 CjVjL*-U qjH Juir~< t <1 ) (ji J^VI -I i 

:2.10 ajjUt [}£.* 

x f - x i = ~( v xi + - ^(63 m/s + 0)(2.0 s) = 63 m 

SjiLs Jjl (j_4 • tlnj ->21 -^^3 tl-trt <al u>JJt ^j->o j x M 4_oJjj 3 j_jLLxH tT.<*..lo3 l5j^ 

3^_xs (JjV CujoJl V“i <<>1 Ju3 fj ,iLi iJ 1 | ^ r lr Jo^ i £ 11 ^_ya o!jJLLJl Jj\5L<j_xl <-Ji3^JiJl ^J\ i r^. jLit_j_<_ul 


otjJLLaJI tli^Lalo- LaLis U^>- CuJljLa <JLoJI (j\ VI 4_J.biJl S^Ji3 (J5L>> 

. <CuJL>JI 


l^J 4 tat, I tali ^jJL> AajLx4 i 8.2 Jl^4 

4_uIj J^Jtjj . CjUV-^-I 4_o*jJ t_oi_>. I—t" '^ja jjj—A Jo-j ^ylf 45.0 m/S <OjLj 4-X.^-lxU 3jLi <« 

^3 l j^uj^ JL^-LJ 4_o- Jj| jjj-lt cjU5Lc.V 1 <>jLu-ail jya 

SSjlj-i-ail \ $x !oA 3 4 JsLi-u.ll 3 *^ La • 3.0 m/s 2 1 i_Ld.a dijU ^jLluuJ ^-i-j-uJ 1 

Jyi Is Juu 4_j| i_£S^jlj^ . C-ujLj £jL_uJ 4Jl .i.ii a L^_! Li 4Jl i up <?JlA l tnni LklJ 4-uLlll {jA 

.45.0 m/S ^J! 4 ZlCj—lm J <*Vt ij? JL>- ^jLuuJlj ill Hi 4 j ' 4 Luo] 1 5S jJ^JU 5_>.Lj <_3 ^_uu 4j1 Jl_J 1 
cLul 1^3 • ^JL> ( 3 ^t-LJ (<Lul!> ( J£ 30 m/s Jjujlxu) 4 iki^-uu ouj ^U3 juu y ajuu. c_sjj-u j-jJoJLi^ 

j-j^I (j^So <L^- _pjJl jjl ^3jJb Jjl 1 ijlr i—xocj tiUJlJj . ^3 SjLxuuJl ^c Jl -uuJ IjlA Cjj) JL>. 

. CjI JLo-Vl j-iLiJ L:r B JuiLuJ (12.2 j]r\ V~41 ^ujJt . 15s {_yA 

CjU>LcV1 4_o-^J ^_3^>q jLlitJ J;l <,i iuLJ.1 (j-«J 4jlj^ 3jl 11 u j-tJaji 4_35Lc t. i"A) : Vjf 

4JortUi oJJt, t^£i .4_$j_>Jt j^>Jl L^J 4 J 4 ~ ^ J-t^oVI 4_la^u 

lLUjJj . Is 3 jJL u^. = 45.0 m/s 4 JjIj 4x^.ul) ji <Jj L^JV 45.0 m 43l_cu-a cJ^oo J3 3jl ^<<41 

. Xg— 45.0m 4^j5tJxll 3jLu_uil <jy j| jJuVl 

1 1.2 4_Jjl_»Jl (_ 3 _a_JaJj a . j n i^ 11 LjjL_cu^o 1 ^ Cy\ <_uJ (jy ^ > 4_IL)Ij 4^Lj_i_uJ ;iU 3 jLj u*J! (jl CLuao.j 

it JUT- 3jLx_<_uJ 1 j j-uoj>a ( _ 7 Joju ( - 0 £*) 

x car = X B + ^xcar ? = 45 ‘° m+ ( 45 -° ,n/s ) ; 

JlILjVI L-uJ 1 5 ^-j-j-tJ l! 1 i JU4> ^Jojlj / =0 J> jC. 4J1 j , ^Ioj 4_35L-*J1 aX ^1 ( jsx.rr-gj y 

car = ^B “ 45.0 m :4$j->Ji ( _ 7 3 jjjJl Ixjj LajJr. 





^3 ijrA 3 . (J_uoVI 4 I^3.i £y£. 1 JLl ♦ > 3.0 m/S Z ^jl tul ) /^O JlI^, Q^£L-uJt £y* jj^d.1 1*^-+* 

:2.1 1 4J^Lai {jA 4-tLaj 5^13 ^\ Jjlj 4jl3 yA u_il u u> 

1 2 

Jtr = X; + VJ + ~<2,/ 


trooper 


= 0 + 0? + ~a/ = ^(3.00 m/s 2 )/ 2 


SjLluJI j/Sjus ((_gjl mj) Jvlllo" a <U_2j_a 3 U3^t? ur*^ ‘LtaJfcill SjLuuiJI 

jjfcj 


v trooper x car 

1/2 (3.00 m/s 2 ) t 2 = 45.0 m + (45.0 m/s)/ 

1.50 t 2 — 45.0 / — 45.0 — 0 : 4_la_u^j 4JjL*^j ( _ 7 1oju 1 Jufcj 

t=- 3i.o s 3 ^ 4jj»mt 

! CjVjL_*JU (_)>» ^3 3—4_ii_<ili^) 

31.0 S 4 -u | Qj. 3 ,g !| ^,-B 4_ji > l^i'v-V 

1440 m ^JlJ—>■ 4_bl_txi^s jj^JU S.t 

4_X.j__t^iJI (2)-^ l ^ d -i tt ..'V- 43 L t nil £ju&) 

: 3jl li «,i.U 43 uLjJ! 

(45.0 m/s) (31+1) = 1440 = m 

JS2 o^) 2 ^ 4Ja^lx. ^-ujl ^LlJI ^-u^u t _ T l^.. LuLu 4J L .< 3.1 

. aj lj 3 1 jjjJU dJj Ju oJJLc. ^£jJl (j+3 2 ^ O^- J'fr <U 4_L*_<u .3jLu-u 



FREELY FALLING OBJECTS ^6.2 

,jyi u-i^.3 iLi 4io4 L_JI ^1 ^i'vVI Ay «.Io .a t a<j 3 j gll 4^ajLlL<s i_>i_i2. 4 jI (jVI I JLj-'v e_3j^Jii.l ^yi 

.4_j»u3jV! 4^uiL>J! ^—jjG L i4.t311 ^3b {_p=>jVI dL>ul 4_uu3j^i 3^SUi m 

^\a i-ttji (sy lajtil i ulj 3ti ^_l!Lju OjL^ 0-4^11 ij A (J_u3_2 .4i^.i 2 a 4-jar-GJJl GUj 1600 ^Lc. 

. 4 ^ 2 la >J1 ^jjz 4aaau3 4-1_ulI] 1 ^jl (J^G3 (384- 322 B.C) Aristotle 

4 JUJI j\£*Sl\ Galileo Galilei (1564- 1642) JsJL*. ^JuIU ^Li^V! ^JUJl 0 ^ 

+ a 4lrL.-%.y»L<u i^l do 3 J&-l u c_a_*-oj 4 jU *»1 t-fJLlA 1 Joj .3-4 3It "U 

# ( * 

Jo.jj 4jI (j>i C+-J • <>0JI La.tUi^jI (JjUU (y* Lius jUaJL-uJ 





(jr ic. <_jjloc3jl \j. u!\ ^JJU- (ji O-sliiJ! (Jr^j . 4_iO>li»Ji 4 j^Oc3_!1 cJJb $:!jo*L> 4 jU ciLiJi 

!vLj1b ^JjLs ^jfl I ti\ ojjLotjji £ J3 ,^3 . JI'La ((><0 (jr^- 

■Jjj aojj ,t uill ^j-j-Lal jJb jJaJJ jj-' 0 ^ O^J * 4_*jLo3Lq olj^H-S {jy 3 L4~L»lr3 ^d i 4_3l_i-uU 

t^jjjuJL) LJLi ^^Tu-oXi (3^° ^^3 ^X-xi-ul ' 4-^^- 3 4-j-Lo^Jt ^^ jh*-^ - ■ o-yy^ 0^ ^U-aT»,( ill ^Li-olIS 

j->- 3^_£Ji Uo^q. iut (jl Co> doj^a uJl (J^-^- 4-Je^IL<Ji j (ji 4ji_^_Ji ^3 j-JlJIo- ^LLi_t.i_ui 

.(90 4j^!^_s j_JjLq^ ^^^Tu_u^i ^^^3 ( JjLuoi Sj^Ji 

v * jiLu„i 

ill* j, .UoL) U-tiuii (<U JjlJjJ! Cy* 4-<-^3 J-4-C (jr 5 ^j-oLuoj) ^is 

*UI £>- =c - 3 {J3 • daJLi-ujJ 4ii^j! ^<u liLaL-o! ^ylx. 1 ^1^-LdJI t-fJL-u^ol .plXLj <jtor-ldJi £^losij 

$ 1 jU. jl ^jlj t jli S^jloe-uiJl lL>j) 3 t >i s-Lul i_x23Jl 

/y3 (3 j3 Cy* 4,«U4j _ij)3; 4»U°i jo*-1^ <ji L*_o ;U3<<i! . 4_dl3Ji 4_j^ot3JI J-«jx. Jjloo Lxujj 

;jLaJ lL^usu 4£j-j>J! ^uu ^jLuV! Jio*-Lj i 3t^l^Ji 4_^aoLo>a ^__ulj jJjjjfcl l jl3 (j^u 

&JJb <JlLo 4__ulx. 4-a jt 3 a 03^ ^ait^ i4_jJiiLl! 4lUJ! ^3 .C3jJI ^j-u-t2_i 

cl^JI 4 o5jL3-a 4^3 Q3$*3 4^1j-ijJ! Lt 3 4_)^oc3i! .X a 3-T) LuJaaullbl j.3.^J1 

.3jUtOt>3 43jjJi 03^ LoJuX. (jy3ow ^jL-auJi ^xioll JjJLiji 4 jlL 3J < l^> a « nj (j I t loo- 4. 1 .a 4/3 

JL-i ^L(4i3ll Jolj 4 in .mljwi; oil 4_5j—?e_jJt od-Jb f.l^o-1 ^<u 197 1 ^y‘ I^-ta.^-1 ^jLXJi ^3 

. .< 1 —flj \ u ^ 1c. 4.1o .^-lil ^yuA > LLaO—<-u3 4. Luljji) Jlo 3.03Vld Scott 
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) ^-lLJLw J * « u"\ 4o^ot3J! £>J^b Juj^CllLj 

^y£> JaAmJ ] jJ-t-a i £) I l_J ^xuJ ^ l._i_u_>. I G i.u 11 ^_i_jJLjJ I ^ J-jt"u. -u.) Ld J J C.^ 

jiaJl (_)3 uj L&JLo»j 4^ujL>JI j_oG CJo-o !^o»- dJ^otxj |UO- ^1 Jaj.3^ «>.U3 » 

i.tij ^jLjlj cJjau ^ Xoj^n xis {^\3 . 43^t-Ia] ^^>di <Jo^3 I j . 4-j-i! 4 

. 4_ui 4j£^_>. ^Ja_Jl ^iiAj ^JXi-uV 

^-1 -z-iu Vy: ojj_ 3JL} g 4 4 vj, 4 . g j-^JjJL) ^o*dl Joj-O-u-uJl £-jL_uj 4 4 ^Jj j. kTui u3j_*ojJ 


a^i ^ s 




JLllI 


g,> 


._t.«~i c-iji_a-i iil!j (_Jji .^LijjV! SjL^ (jl=j^/i. 

tjd^-3 * K l">i A t.f\ 11 CjVjLt^ £_L<3jJU j-l !t~tj y ^.1 V" ; : 1 ) 6 (?L>uLl Up (J] *—bjJU ^-iLUl 

LaJ lIc g J 4 4J-3JI 0 Juil JOdJL_aJ 3j_ui3 JoJtJ IjJj , 9.8 m/s^ Lu^-tu ^jL*-aJ g 4_^u3 ^ r l^ > 4 » 

. g— 10 m/s 2 ^ jor3 i u.', £-jju-u j_jj_33 . cjLsLcu^>Ji ^^_>o 

CjLbLcu^Q £-A j. jj! Lu3^3J 4 _x3^L O-A tl L aJ ^ l 

Jowlj Jjui 4£jO>J ^3lSLa J0>. <-L>J 3 Ljj) <4 X. ^4-a.xJ 4^_>Jl (jjil 3^UJ ;SjO_i03 4 _jJ^-4-X. 



UjlJ 1 Qundll 


CiD 


lLIj-^eJu ^i-t-u..>J 5.2 ^-n-LoJ 1 La\-lu3j-C CjVj}L*_li Q->-t-J-aj O^jj uiUjJj . CjjLj j_uG C-oo 

4^^>Ji \j->- LLs^-j ■■ tt J clOj. <“i ej^JsLaJU 01 ^k-^>L* ^-*3> Ju->*3^ ^JjJuuli^ . Ojlx 

<U 32 -j-u^ o>3f £jLwiuJ 1 dUj oli C^) L7 2s^\ (v <?L_>ol) iS -^3 * *4 ^Ljo^I 

^jt ,,..-Jl (jl (^LLj S_JUu SjLiVI (jl ifjjj*. ,a y - -g- -98 m/s 2 Xi.Lj L»5ta oiljJj .9.80 m/s 2 4 _<ljX 

J AJuA 1 £_4 (J^sLjlIu i—OjS { jjj jJ_> U-3^-i-u 14 (J-I^-llII >00^*2 L^JSeILsJ 03^ ^^3 a -- l - u 

.^LLijVi j j Jl j J g 


^alJu3t : 9.2 i 3 Uc4 

< ^_>4 (^>^1 ^Xi jOJLj ^3 i?Jx. Jm_>^ t >f k~ J Lr^J J-i- 3 3^ Aufe 3 jjLLd o^ £*jL>JI ^J] ^.Luaii j 3 3 j 

a a Li sL> 3 <<u cUjJj <<4^-3^ 4_4^UL>a J-^aI .{_£_>j_4—*J 1 JsaJsJl a.\ 0^^4 1 U 3 < 

3^1—>• 1.4 ^ ; J 3 4_^Li_ui,l (I r? > > (3^3 <2 -<.uJ 1 3^—V <ja_ilj 1 4 ^ M Cj—l^j 3 ,Io > (3^ • £jL^-JI 


3-ku ^1 i^J.33 i j_ 05 3^- 2>v 4 ct^ -^-241 3j_£ (J-A d^LLo>3 3^^ o^ 3 ^-*-^ 3 < ^“ 1 ' lijj SaHjLj J3_«xJl 

SlLs^-j-uJI ^Lul 4 IuLj 


3 j. _3 6 (_£ 1 (_ 7 -2 • V i 3-*-^ ^ J>-i 1 — 4-A I Qvi^lJ-Ul <lXLji 1-u LuiilL3c_J t<? 11^A.4 4 Ir» ~>J jLLc. 

diiliJ .^jl x iuII ^3> 1 4 oi -x jia3 11 jj-a-ixj o^-^l>*-l- 4£.j*mj alajj t 4l^^lll ojji j^xj At 4_ii_4j 

. lLs^- 3 / At 1 i 3 OxJ Lj L4^;l 1 Cj-LM 1 3^ 

<?LLl*_U 4 jijQji 3 j. 3 a 11 4jL 0 ciijj2 .j^jliit O-' 3 LuAia 3^^^ ^j-oIjjlI] 0^^ 

, ^ ) ^3JI 4^ LJL! a 1 j^j dH5J . Lxl 1 O^ 1 1 4^ l < 35^^ 1 

L 4 K 3 . 3 ,« .^tt ^^3 j 241 3^0 aia^3 4 jLLlU 3h > 4^ 3 j^ 0 v 4_3l <uU 3 ^^ 0 ^ 

0^ 40Li_ui,l ^_u^j jLtlll 339 ^alj 


>^,ajJLA4 5^5Ji. 4is>j : 10.2 3 H 4 


. 1 s l^J^ 0 3^ 4_ix4j 3 ^ 1 $~lc-j-ljj Jj^ . 25 m/s (_3^4 ^3! l^jl33 


(3^4 ^31 u£ijjt33 3j£2i 0^ O 1 - ^L>*jV1 j- 4> ^1 (_3j ^L>«jV 1 jt3ej Li£.a 

! j_l3 , ^ 1^-31 1 ^j^Loj 4_uIj 3$ (— 10 m/s) 4ja^4jJl L 4 ^ > ^ j ,;7 l 3 *3*^-^! (_3! j' 

0 l ca> 15 m/s 4 _c^_j_uj o^4j L?4i {jr^ 0^41 j- 4 ^ <■ « . < Is g. 1 jj! juljj .25 m/s 4 x 1 ^-^ 

1 ^jCj- l^j J.04U 00-^1 4_ulii a_»_!^ 1 C J-L-U . 1 <^ XJLj L MJ 3i_^V JjLwuJi) 33 i <il (^31 ^ ^ ^O L^j 

1 ^3r jj 7 ^j tsi~j 00-^1 4_uIj t ,au~i i JUu — 4 x.Jl3*JI 4_l 5 C-> JJt_3 ^ jJl ^3] ^jIj 0*^3 ' ^ m/S ^_3j 

3 j3i a 1 1 O-^ 3^0-^4 4jj13 i h i^i 41 cJJb Jjuj . 4jJ 3^3 Ol 0^^ ^3^3 O ^3j Cj„i ■* u-> 3jiil .JJ3-U3 

^LshjVI i _ r b o^ 1 3j^Jl ol <0^p 4_3Lc^Jl 3jLA5?i) (~ 5 m/s) <lc.j.+u i 3^4! tiJjjtjj Is 4^0oQJl 



(SjjtjjtliISLwLuJJtj ISLulSLdl -«bj-2iM 


J& jjJuiJIj . Is SjJUJI tills JjLi. - 5 m/s + 5 m/s y i $J.c.^ j. jiVi 4_^s ^jJtj .(Ji^»l 

(jjty*') *' ‘*~ >a Juuj JLa^ < _ r a ^<1 ~inlj . (—5 — [+5]) = —10 m/s (JtjLs <Luliil ^jl* JjLi. 

t * 

4, jl 1 $m1ju 4 t-i n i (J-uaj (_£j_»-t 1S Jljuj I j j,.-%. 1 j .-15 m/s S^SLII i t~> a , < »~i (_£_^t>.l 1S 

* 

(jl ^jl-i~ i n~ j.i sc.<a ^ys L 'j ■"* 3^£JI l_3jl 3 5JL>. ( _ r 3j • -25 m/s ml ^Jt ti]j-*S2j 

. 4-ulj (J£ -10 m/s jIjlS^u t {f’ r J •" jtj.»"<ut £-a tLs^j^Jl j a i i-u3 


1.51; 


l.o 


0.5 
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* K»> 


-ia 


►<(s) 


Sj£ ^iJLj! iUuUU 

c»Ax$sJ 1 ^^—jL—cii_ a ^ u i i 


1.5 m £j—ajjl (j-a oj—£ Ci Ufl— lm\ (a) 13.2 (jSLuJt 

4_£j_^>J 1 j L ~ £ VI lJ y3 JL_>.U ^ya CjJUjIj 

(b) -(4 .a ^yLc. ^pjjV L$_iV <Lj-JLfl5M 

Jl {^U3jJU 4_^5Ltj 4_ul_j_jJl oListllt 


. L^SLmi a\ cjMj jGjjj (1.5m 

1 ^ ~ f j - m 11 _^ _•_ jl 4—gjl i. ill Cj\ —jtr*-iJ.! ^-ujl 
41-90 Vi jt_» “i C.\ J_/S ijr 3 4}\jS [ $ Cj L a^ JJ 

♦ ljr LI +y L-A^-jXi 

^jL>Jl ^J] pL i~> % $\ Jlcj LxC-Jj Li-lLa^j-uj 

d£js*u Lo 15] .tLjLjtj Lo iSj^ 

.(Lliulj 1V LiiJj 

^i-jVi (jt 13.2 <Sj-* 

iJJ\ ®‘ ® JoLiJI JU41 

(J5L>- Cj1j_o Cj^Ij i._ ■ ~^jXl i—JL i^Ji j _i 3 x i 

(jjl J.lll ^> J j ~<J (jt iCjl—jjjJt 4 tXA 

(j!.U.->.V ,4_3j^iiil (j.urt <_i ^(j^jJI —<SjL»iI 

S tj^ CjJLscjI jU. .(Jii oLjjJt (jo 4. j iaj Ji ~0yml ! 


t_jj -XU.A (Jj_ a (j^Sj (jt c t. -JTj 3^S2! (j j ) 5v i a aLutj 

(j'n- '/a (jjSL^j -9.8m/s 2 (^jl, < <i_) ((j^jlt — 4_c. 

(j5? <LUj5?t ojuk Ji-i^. (^i^l 2->i>- ^(j^JI — ~ < l t) 

Jaj 0 I a 4iL>. (^ (jji! Lojj£. J j J »~n 5? ^jt m~? l 

j j Jl u S^iLII (__jataj!—u i—.j ^ 

(ill jj_j 1 1 J-rv Oj j tsi 4 4_txaj 3^. ~i 3 (J51=*" 4_Cj_*jJt 
(J^ ^JoLLj t JU&J . t ^ i-i 5 ^j t tn <t t (jj^J (jt <‘X ’J 

—4—C.j_<jdi) ( _ r JbtJL« l _ r Z ( _ 7 lx.V 3jL_j—«JU Ja j) la-> JI 

—It j (_ r l*_La lJ Z (j4 t-i V,l,l 4 i i ii il Uj ((j-^J 2 ^ 


CS) 







.13.2 @d^U! JUl£. 1 £C 4£.^tu 1 ^uulJI <_ 7 -& La 

(a) 

(b) 


^y= 0, tfy= 0 


u y = 0, a y = 9.80 m/s 2 


® <b = 2.04 s 
r \ >8 = 20.4 m 


v,t 


0 m/t 


I© %= 4.08s 
>c = 0 

«y. = - 20.0 m/s 


50.0 ml 


I® l o - 5.00 s 
>' D =-22.5 s 
= -29.0 m/s 


y e = -50.0 m 
^ = -37.1 m/s 


yi' 


; 20.0 m/s t* 


U. 


0 ,a = -9.80 m/s 2 


t)y - -9.80 m/s, a y - 0 


(c) 

(d) 


j j d> JLott i 12.2 (JLi* 

20.0 m/s 4_u!oil 4-4^3 ©a i—aa.-S 

*50.0 m (jl£j cr^l ^ " i ■ lm ~ a (J7 3 

<L_Sj^L3 j-Aj JLt 4_3l_>. j.- ?e, >J 1 UajwI J—3j 

"i . 14.2 <_ 7 3 ^3-A La-£ ttiaj— ju^U 

JlLc lJs^UiII JU j_5e^>Jl ijJ©u ^jJI $Jb tp^— 0 
fJ y}>\ J y *J1 (^jJi (&) U^- *(a) 

jjjlj ^jJl (c) .^LLjjI 0 i^ el (b) .4i>s <_e ids ^jJI 

4_c^_i-u (d) .4_Lo ^jlJs ^jJt ^LaSjVI j sc. -»J1 4 j, .e 

i (c) .4_k -* HI ols _a> J—L_c. j _ x _>JI 

,t- 5.0s 




4— C.j —c4*Jlj ^ua-^JLI 14.2 flit! 

J pJjjJij j~>- iLsjfr Ttt.u I 


ji «~0 (b) (_,!! ® (>a JLSJbl «LSI (a) 

4.1 sc. C. (jVj *C®) l ^- u ~ 1 a 2_l 4 jV 20 m/s jlji n <u 4_j_C.j—<JI 

4 <w 2j 4jJi^a-*JI 4^c.^ 4 u 11 ^.-t.ju t i t <<*1 4_uuajVI <l_ujL>Jl 

Jl>-Lj /jl l_ ijaej Jaj2r««tl 5 4 _uIj JS” lOlTl/S 

^ jjLauJsjJ,! (^B)^! (a) £yA < . 4 ^■ \ jt 2 S 

uj^JI Jl r L-4 .uj udj—i 4-0 Jlx^LHILj i^JjL^uJLI 0 J_£> ^JlL/3 ^3^ 

<?JU r (^jJI tg —<-u-^>Jj . (l£3j j SLa3 _loJu 

4l^Ldl I .* ~i m i 1^1_ijjl u _ua^l t _ 3 Jl J x. -sli 

a_;l^ ^j Uy B = 0 ol * v yB = Uy A + a y t .2.8 

/ A = 0 Jul£. td"tr.L^u Sp. 1^3 


U 1 * 


> 4_uljujl 


20.0 m/s + (-9.80 m/s 2 ) /= 0 


* = '■» = 


I t SLc aLu Jjlj ISLutSLjIt - J^Vl t-jsti l) 

20.0 m/s 


9.80 m/s 2 


= 2.04 s 


. Ijl>- Lu^Ja (jLS^ 


(Om/s j 20 m/s » ta t . -. j/Laj 10 m/s 4_LLa^Jl S * J^’1 (Jlili. 4 t->. 11 o - i~^ (b) 

<UJLajJI UjjjB .20 Ill j_LiJLj (jl j2a_jij ‘2 S 3 jlI j-u-I 


■ t_aji _ ill - .^.-y 


>^3 ^>_a 4 a a y-1 .flj j I 


a! J_(j! ^ ibi~ i.- i 1 1.2 4J.ll—aJ.1 


V.nax = }’H = V vA< + -<*/ 


:y, = v A =0 


v B = (20.0 m/s) (2.04 s) + -(-9.80m/s 2 ) (2.04 s) 2 


^ytkC.r t—3 ^vL_>. Ur Jt Cx, 


i a 9 ts^ 


= 20.4 m 

. 1 t nl! U 
J\ (§) Cy* *-£>»■ J j"iu c^ut x> ulJLLa. ^u-J (c) 

03^ o' ®^1 ©) Cy° ^LJl vjUL]j(b) (a) ^ 4_l£> 

i-sx^ ^£jJl j —^c_>Ji LajJx. j .(5) (A) (2^3 J^LLjJ 4j>-LL?CJ (j£ jJI 

3 Yf= y<T 0 ^ 1*2 4JjL*J» 1 ^ljtic.1 x uL a .^j^\ j h y CliLuljLj>.t ((c) 

i , c> y,= ^a~ 0 

)’t; y a = v yA t + ■-af 

0 = 20.0/ - 4.90/ 2 

:3jj i<~\ 1I 4bUU , t— J I 4 ] uiLJ jJ^ ij3 4J_iL*^a 

/ (20.0- 4.90 /)= 0 

^411 3^3 1 ? ~ 4.08 s I J^JIj . 4 _j! ju /yjj t — 0 ^J^L>J! 

, /g obLo> <La_L3 cJi * ‘3> 4_ii . 4JLc. C^t- u 

^jl ! JLC. La t (a) Julc 4 X AUIJ © J-lC. /jul £j! (d) 

^ylajCJ 2.8 4JjLl11 iJ7 s I 4 JU.JI ((c) (j ^ Jj) ts* J 1 t 4 <vj4 . jL^U 
v yC - v yA + a y t = 20.0 m/s + (-9.80 m/s 2 ) (4.08 s) 

= - 20.0 m/s 

x<Lu!uIu'^! qLujJ ^^JLua^l <Ul l 43jV 3j^a Jjjcj La J /f. ^_?c_2>Jl 4c.^ui 

.Ai^LiILa 4 ^kI 1 {jl ^JlC. ;JJj iJ_i2)j ijr B 

CxjI£” C < jrw (B) £_uo^Ji t j^a I <.L>2 <uj La jJx. OJjcj La jLuUlVl (J7 ^ J-J*- LLlm IJLA (Jy b (c) 


CE>> 



JlXJ .'jyS. jj<rnrtt1 


'.3 S (j? JljJV 4^J^J1 ^yA IjL^J /OfJ *7u t il 1 CxS^Jl {jf C ^-^ 0 . f^T)) J-JUOji.1 ^l j£l IS~) 

SyA IjUfc oLio. ^-Jr w .r ja .30 m/s -<Lc^-caJI ^5 Cjj—UL JL9 4 _i_)jL>JI 4_l_^r C LljL_3 

. t = /g Jl>.U Cxj^ 8.2 4jjLm 
u vD = ^yB + a J ~ 0 + (-9.80 m/s 2 ) (5.00 s ~ 2.04 s) 

= -29.0 m/s 

B^lLaJI ^iX^ zSt - i-uj Lut { \a jSCu <jl D 3 A I Cx^-i LuULcttrv Lu^vl L<j^ ui i ^ jLall.- o ; 

* ^ = ^D" ^A~ ^ 0 s 4j^_pc^uoJ! 4 _lLojJ! 

i; v „ = u yA + a v / = 20.0 m/s + (-9.80 m/s 2 ) (5.00 s) 

= -29.0 m/s 

Jl-ic. ^_rc_J>Jl 1 1.2 4 jj>L*_U JwitJLojJ 14 ,t 5 ^jLgi-A^J 1 LtHJ jLjuxs 03J9 L-i-uo^Jj 

^J 3 ^j 5JL>3I * ® 3 ^C) 3 -li o - 4 c ^ st —a c^V £-^ 3 - 0 jl-u-r \-> t 5.0 s 

i : f D" ; C 

y D = ^C + V yC l + 2 a ' ,r 

= 0 m + (-20.0 m/s) (5.00 s - 4.08 s) 

+ -(-9.80 m/s 2 ) (5.00 s - 4.08 s) 2 
- -22.5 m 


oULu ^jJ! jj-ajJl (b) 3 (J5) JlxC I^T/Loq cL^UojjI jj> cj>Ji Ai 2 .j_£_a (a) ^>* 3 ! 

5.83 s (b) -37.1 m/s (a) -5uL>-V( 


g;Lull fO«® 

J i r0rt70 I SLu L ^- 'u iJIcjV^( jl4^ CL icm / I y j7.2 

KINEMATIC EQUATIONS DERIVED FROM CALCULUS 

I3lj . 15 "i llj (JuIdIAjJI *—al i <t~v ^ t£jLil! <jl * * [jy t u ~v 1 p ' “ 4 IjlA 

i/lTl.i «ij4 Juu 4 _j_ujJl 1 jt ^ t n dll tjufc ^ 0s r* "" jif c _igc_> ^ A"tl ^ ^ ^ Juu 

• JxlSoU 


( _ r 3 SJIjlS' 4 t i.~o4^i 131 


.Jai^ ^ LiJj 


^Ci_J_1 


4. -C.J.UU ^ic. (J3 ~>J i 2^5 Lc-3 


1 >Aji 7^3 .^ 3 - 33 -^ 4-a-cuJJL ^jl£ULl 4 A a ijr A 4^3»«_ujl l-t-uoljj 3 

^pj! 4_JJ3-Lsj! J_xaISlUJ I 3 A ~<H ljLui> (jt^3 - ijr ^ 4jljJ^ 4^33 .*^a 4 "i C.j—lm Cj_jL^ l!>l ^ uu -w 



ISLaUjJitj ISLjtSLUt - JjVI f>aJ f) *b>-yalt 


{J ^i La a qli ijm£ Lc ^L?ejL} jt J-alSLJi Lai LsJl^II t JL& j a -*r qj - tu3 

(J^ui <L>»i<^ijl jLt-sl ^UJl 

ca^°’>a Lo^ x ^ 3 ! J^L 4 a -*3 u^. — t 4_3^LjtIi ^L-JI (jr L*LLi 

u-*i • A/„ L^ijls 5>ia J£ tg^-ug a 3jgJu_C CjI^-LS ^i! tj — t- 4-U-a^Jl 3j_q_aJI ^aq-u— 3j Lx..} 15.2 ^jSLuJl 

(J^Liuil (JJ Si 4 lliai dig jJj— a 4_LLcj 3 j_o_ 9 4_>-lj'^l ^jl iSj- 1 ^ L <Lc^-cuJ1 lJij^-ju 

^IsLuti J dJjJj . 4_»_LajJ! 3^LaJi dL 4 -Cjm-LI uLu-u^la d-p- iAx^= V m A/ /? -J i 15.2 

tj “ /• <L> ~< . rtU < UK1 1 4j>.{jVl^ jt-w roll 4_>>Lai^a B^gJLuaJl <-jJLajJl d^JLaii *;Lui (j^L 

Cj}LdaIL_uJU J£ CjLwL.ua 

^ = 2 ?7 ™ A? » 
n 

(jy-Ij / ( - <— jin" mU <J5T £-a-»- *3JL»J! «juk . JjJljJI J£ ^3 4 Jc->3 (J!Uj 2 ^ ' _ ‘ > ■ 

3 oj ^ (j^a w. 13 ~i n_ij ( _^3 JjJLaJI JJLc. jlj t «K^...uaLa j t ts>\ SpJJl 1 <!«■>. 1 «K <jV($ • tf 

jl (Limit n—» °°) 00 n JjJj La.n)x- lilJjJj .((j^ajJI — c-j uJ!) a- <a c^ao 4_>.t «aiJLt —<-*-> 

:3^ijV! .A/ b -»- 0 

A* = lim 2><* A? « (13.2) 

A/„ -*0 n 

Displacement^ area under the v -1 graph jl 

W V x - t t _ y jbe-lXl Ct>j <rwL_LU = 4j>.ijVI 

(J^-wuJi 'Sj^ La-^J * ^ xn 4-jia^rll 1 4_c.j>_u_aJL £j^ <Lc.^. u-uJl da^_u^ILa LJjlj ^-a->Jl Lj! 

* 

LJ Lul . 1 JLjw. Oj. it <Lglaj CjI^,~< .4 4_jL^j (J7 ^i a ^ lu a.~Ji IjLA ^ji 15.2 

i^pil jl a\ < Cu. aj 5^-ILd (jji fLj! 4_^.lj^ll (jy^£- ^j-laILu*i ^,j, a^.< n a Jojw ^ lr. 4_^-5tll V^. - t ^Is^Sla 

, 4-u.a^Jl 3^.1 j.lI dllu jLOl! c ^xSl\ Cjl>%i 4jwL_ui,i 


13.2 aJjLJLi (j^ lAaL 4jL^j 

lim 2 % = f/v x (t) dt (14.2) 

A t n —■*0 n ' 

CjLL^JJIj i&scjj-ua 3J!j U x (/) 2 J!jJI dul^ I jL A ij^j i^l 4^.j_t<JI (^Jt ^Vi v x (t) (ji t l^p - 

. JxtSaJ! 1 —iLjO. cdjj Julj <tjl^ gi L«a 


(jjgi liUb (^jo J J Jajju! (JSLiSu <iJ^5eIb V x - t a Jl (_,i-rUI J_i.Li ( jl ; L>.'^i (j^riJt-i 

3JL>J! £juk t _ y i <Culj 4C.J—UUJ Cj^-Stlb AU» jjl Jliii 1 Ul « 15.2 (JS LtloH (jy£ 


C*l) 




Juu 4^3jJfci t I 


A^ <LuaJJ 1 Sj^LaJI iiLul 4_"1 *v 1 jl jj£j 16.2 (Jlo-a Lq_£ U^.- / ^jL-loJI ^yJbcJ-Ll 


*\ 



'.^Jilail ^Julaxt< lU 4_>.L_a>a 


^j-<sj_!l £-A <Lc.j-l * J1 15.2 f7tll 


.VI 


J* Ax JLkll JjU; Ui 

Cou <oKJI 4rvL.nl I Lc-Lu * At n 4_lLoj 3j& 

.jo-ijj43cU 4_|KJI 4^vljVI <_ r A (_j < •*- ~<.l 1 


Ax — V x ‘ A t ^£- Jjuosc-j V x j — 1)^- — CUjIj^ <jj£u 

. 17.2 J< I«tl t^3 J—A> t J—A C-o-ouLuJ <£j—luU cd^-^iJ J_p£.l *jj>-! JLl*£j 

^Jl t = 0 j^a 3jjLdii *Lul ^j jm. *>vll 4_>.lji q\ x_>o «rJ l) f . u Linil Cxiti & x c^l> - = £2^ £ 

117.2 ^JllnH cxiiUI <L>.i .*ua ^jLa> t— t 3j~id.il 

A* = |(*a) K^) = 



fJ ... r t (o-Vpl isr ^A 17.2 JSLoJt 

Jj-fijll UOflllLl 4£juuJ ciJj^JJ 



SjJLaJl ^Lai ^oaxl>JI 4a.ljl . X)^.* <GjIj 4Xj_x*a tu 

. Jllall ^JxLxiLU <l>LaL« ^jLxa tf~tj 4x1*jjt 


Kinematic Equations ISLuUJuS^I 0 V.JU 4 


il£jjLg,y£II O^^LjljQ ^)lnj^Ljua f j fj . " u T; \ ... ..1!j ..." H CjVjLaJU i_iu^_*3 


u'Vlj 


.11.2 j 8.2 IbLdl 









ISLydQjJJ^ ISLulSLIi- JjVtcjjaJt) 

(Eq 6.2^ 4 Jj>LaJ.1 

dv K 
ci - —- 
A clt 

{ j_u£lc ~Csy<y^£> 3 ! A}^. — (i df Oj^x^l\ ( j r i^- C-tl&J L$_>j 2 


u > = /“. 


dt + c, 


Cl ^ jjl ‘EuIj fcjUaUl L-$_x-b 4_~u*oL>Jl 4_!L?e2J^ . J-aLS^iJi O-jLj C j Ca_L>. 

(jr Lx£iJ t J^aL£liji 


l) 


“• S‘" 


+ C, ” : Cl J 4- C., 


(15.2) 


f — 0 Jlx£. X)^ — X)^- Lj J^v I I3i^ . 4 _u!JlIu'^I ^jylc (T j 4-4-l3 

: ijr ic i .-^4>).}L*JU ^jgli £ju& 

^•=« x (°)+ c , 

C l =1J x/ 

(j-* 4-SJ i » J fcj> 1 C[ 4 < 1 j 3 / 4_i_LtsjJI 3j. "t e 11 JL-*J 4_c.^_i_uJI XJ^ — 1> X ^ 4 j a i.t’ii j 

:8.2 K-uUIXJ1 4 JjL*_>q (jt Ll ,J 1 35.2 4 J 3 lA.il 


v xf = v xi + a J 


(^x 


(Eq. 2.4) 5^.^ (ul? t_iu^ju 5^jJL 2JjUil (j^jju i-ic.4 
dx 


v, - 


dt 


(J^LSiJI ojj -00 ^yjs> ji dx — v x dt ojj xdJi 4 jE$ I <K «j 

x =Jv r dt + C 2 

; <_^4-J La$ IjLA ^_u^aj U x — U^.j - - V x j + (l x t jVj . Jx KlU j^>-l CxjIj C 2 ~ 

x=J(v u + aj)dt + C 2 
x = J v xi dt + a^J t dt + C 2 

x = vj + —at 2 + C, 


<*D 





dD 


Jl-jlj dJjJj •Cj—‘X‘ ^'hn ijufcj /—0 1— aJJlC. X— Xj 4_d jCbVi Jojjj Ckll aJ— a-.d IUl ] Co 




: (jr k: Jj-tfiscj X'j J X j£ 


x, = x ; + v w .r + -a r 

j i m 2. ' 


(d v dcj 


jdlu . 1 1 .2 LCul ddJ 1 CCCjl^q ^ic. J j*o ^e.) CCCxJU {jja j-j-o. jVI u_-uL>J1 X- ^-Jo.) Co Juilj 


, Lr j|jdjVl 4 t i's>yA JCu X- Oi.> t^-u->JI 4 _^ lj! (^ jLrtJ X 


/ 


GOAL PROBLEM- SOLVING STEPS J^\Cj\ 3 1^ JjUdl ^ *7,2 


Gather information GUjlait -I 

C-trc_Ji < 4 jCjli 4JL-i_ui,I Cj lj)In%■ *4JL>JI yA, 4JL«.CU ^ya <, j Jd_sVl jdc. 41 *.c. J C* Jji 

J1 Co S^LLajtXl CjCo^JLjlII {JT Jt Co * j~>- Jo ^.a. j.u ji 2)^Cd 1 { J r A JCo 4-djjJoJi ^CCCo {j£l 

^lS\ 4_iL>.Vt fjjJb Lo . ^CLCJI ,j_u_>Jlj 4_t-oC»Jl dj^ -ijw £yA C 1 iCq^JL *_0 ^4_>u (jl ^y^djV^ S Jo. udJC 4J L*_u_l 

Jj4> SCjd^CU Cjlwi_>.jJi dj-JU Jjfc . 5 X 10 6 m/s Q^CJ 3j)C_i_u 4^j_m (_4_i_u_>U jjl C-^OC-jV SClj) fl, * O J JL_U 
0j\ 0 {_y& 4jjljJI i_j yu£> CoJlCi CjJtoeo CLo SjClkl Vi l A.CG Jo~o»l S^jJL-^o CLlVC- dd*. 
4 jCuu d_ii jdLdl <—4-?cj 1 iiajij Sjd-uoJl ^Jl J^jp ^ 1 4_d*r -do 4il£JI i /d CojCc. 90 

. 4j L^d! 4 _l>- Luo-4 CjLo 


Organize your approach jil /fiSjjla (njEVo -2 

*dJj Juu 41 * a j l or. jdd ^C_>u djlC t 4jLuJJ 03^ CLo ( j£. Sjuo. 4_CC> Sjd_9 Jl>G C JlIc. 

^)l J^ m dl fjJi 4jl-td,l <■ jm <OJ /^ylil l^jLs 1 .<01 < J ^yA ^^JjCtdl ^yA lui-A j^JCo ^dCl^ 

4_oL^Jt jj-'GjJlj olj^VI jjo . 4JCdJ ^y-u ^C» o fJ yQ J-<d3 . I 4_C_>JI ^_du 

• Bj^l'do dhj-u\j£ j} tJ-CC 

Analyze the problem SJUJO JLv -3 

# 

j^Joj 4 w^LJl oVjsCtJI jCJtJ <j! Ijl>- L-tJLjuoJl (jjijV 4 4j L_uoJI jJjtdC C 'fi't is> do l < '"> 

Co 1^-CtILoJJ Jo. ^Ctc_jV 4JC>. J-oCJJ J Jo-oCCJi ujCi>J ^_j_oJi ^jjr.~i i C ^. C 

4J c_-<-(-«LCo JlJuJ l.^lj_^j 14_j?c_jJxlJI 1 —<.t.ii-Q» J 14. 1.4 4 /CLo jlX-C.1 tjyosySL . 4?ilo.».U ^-dl 4JVjU 4 J^_^_>JsI 


. Lt a»_o 



(3Lj;!>*llIS^Luorij ISailSuN- JjV»sJaJ0 
Learn from your efforts (U*j -4 


(JSLoJl LLa SL ya *. U ,* 5£_a Jja"" (Jjfc . 4_OJL*J! HajLa.1 ^ • *y^>- jJb IjLA 

(_£t dil^- j H I jjJI jJtaJj (jt (JjLa.) S^ri a Lgj Jji ^.sljtX.'ifL L^uajjju (Jj_3 —djla-^L! 

(jl < . a. i5> .(I jats> ^ i _^L>- jl j '* <♦ 3 j! LI ( _ 7 -uta JA 4 -uL^-l 3 4jij^iaj ) J 1 4jLL 

jLlli! (jr ^ L« SjjL^jLiLxj (_jj i^o (_jl ^1 J • 4 ya L^Lta Cj a 4 jLs Ll?^ xJs (_£^->-l J3LL Sit-H,! a 
■ I jli JJUu (jl i. ( l L.a j Ja . i(j_a ^ '" f»I(jl C ‘LL V'aaj ^(jLatlsej 4avj->Ji 


4ii^ia J) i L~ a Subproblem dajjul 4_uj_>. (JjLcuaJ j l ■* e - 1 ^Liau Laaj tS.ta.«ll JjLLLI jLc. 
.j^OaSn (_yic. t_3_L^JI 4JL^la Lbl j a ~II ya -4 L j ,’,. .11 jJjLuiJii! <1 mu iILij . L^La (J£L] <_3JL$Jt 

4 jla c (jr 3 jJLsj 1 jLa jji jj i4_aJLl!l 3jlaj>JI y2 at I jLa j<s-L*J 4J| <.< a ^1 ^JaJo La. lie (j£L!j 

• JUaj a S 1 ^ at. 1 V**i f. L’t—3. jl^JI 


SUMMARY ^ailo 


4ja-tjl (jjSL Xj- La (_yjL^J J^uajjo ^1 Xj La ^l-Cul £-u3y* ya X ( _ ;T Ll jC-tuia. <Xlj^>u Jju 


: C^ 


Ax = Xf - Xj 


( 1 . 2 ) 


(^yjjt A t 4_LjLajJi 5 ^ILaJI (j-L. 4 aj . ,.aa Ax 4^>-1jV! A La 4jJtaj aLijl ^ aj. a-> J 4 L. < n^dll 4i:^wJ! 

4jvljV! t ^j4 C 


Ax 

U, s - 

x A / 


( 2 . 2 ) 


( jlSl l jjjajJI j aj - ia> Jt i Q t L ii_t 4 J ILj' 4-51 »aU ^TU 4 J ,, < / j j j ^ j 1 f II < p I < <1 *V t d i (l) J 1 U i »^ I a 

.4^Uoii Ldl3 ^-LxLJ (^jJI 

Ar Jjji LoJuC Ax / Ar 4_i__i_tuJ! 4-xl ^j 1 ^ xf p 1 1 *■ 4_ufcL^oVl l^jju 

4 1 < t llt li *-X^>J.11 JK-L»J ( J. i * 45 j\ t ^ tl , ,, r_U < V 2 4_il^_llS /9 Ju 4> QJSJ • x 4 . 1^1 1 


Ax dx 


V x = lirn —7 = 


(4.2) 


a?-»o A/ dt 

. 4jjsL>u^I 4"r j . ,.t 4-OJutlt 4ajatl ^jLuiJ ^xajscli 4jlaatllt 4£.^_aaJ! 

A? 4_tiajj 1 4^ *1 41 Al 4_C^—aul 1 yS y v I t. J1 4 < . /■ / tl 4 jI 1^1 p_Lx-o_><J i_Lx4-o^jJU <-U ill U^^-JLl 

. J. J »Tti 1 Lilli l^jlijl OJLCt-1 ^ll j 





_L».U JjU 4^ajJtJ t 


C??) 


a r = 


Av^ 

At 


_ V xf - V xi 

h - / < 


(5.2) 


4jL^JJI £>JJt a ^Jl A t {JjJj La J.ir. AlJ^. / A/ 4 . ; l*-u-L!1 4_jI_£j ^jLfcyTtll 

♦ ^-O^JJ 4- U -o-J L 4 _C-^.laiJ 1 ^_L*J ^JJl 3L>5 ^yjk / (^] 4_l.<-ajJL X)^_ 4.di nifl 

Av v dv v 


a x = lim , 

Ar—•'Q t\t at 

jIjlSJII { _yj CajL) a x ^tVf ta x Jjio (^y-L <_d^*_ia ^a_u. 


( 6 . 2 ) 


u>J ISLui^I X!i uLi^LLt-a 




^,/ = Wjri + a J 

X f - X i = v x t - ^(V x , + V xf )t 

(8.2) 

(10.2) 

x f - x i = V J + ] -a/ 

(11.2) 

v xf 2 = v xi 2 + 2 a x { X f - x,) 

(12.2) 

juk oLajj_<rJi j oVjLti) <? juk ^ 

b-^ o’fi* o* 


. clulij ^jl j iUJ 

^L>ol jjy3 ^->J1 daj) au.d 11 ^jLf-i.r*tv 4_u^jjVl 4_ajL>J! ^jLiu (_?£ ilniii nj ^jJi I 

<jL Ljj tj^Q t—i^JiJL OJL>J 4£>J! OjI£j a £.l^ji <LojlJLa Ojlii 1 jjj J&J-& 

* <. * 

j^.4 JjL>. LbL g j_>Ji iLj- 2 i-uJl £jL_u3 j <. /unn ^jLiiL 1^ ^ t ^ ^ju 

.9.8 m/s 2 iSjlun g ^j^JI 


ijj.‘qL-J lILl-oI 3aLcI lj-il-9 0^ Cr^ ^JL^-aII JjL*lU 4_a-Lii>a 4 _^Jj_Ld 1 

. L$-iIj 4_>-L>. La, H xr. olj)L>» 


. LL1 j Ssymll j juk ^Lu! 

^ <1 (^jL,. } 4-Ioufao^tJLl 1 ojL 13! 3 

4JL (^) (jlfi (3lj At La 4_xlaj 3^)_x3 <_y3 
4_Ja^tUI 4_ukL>uVl (j\ ^j~jJ ♦ 4l is~i~ia 

^^3 La 4la_>J ^1\ JjJj c_^cj 

^u-oj3 (jl J-uail l)>^ La_jj) SjJLaJ! 

. ^dljLk^-5 jSc. t 1 X 4^^UJI 


QUESTIONS Hliu»l 

4__lAL>oVI 4. JLj. i,i llj 4 Lk »j ."11 4_C.j— ujJI —1 
^ylr ^jl r<_a la -ct_a ^)i ~< j-O- ^ 4_Ji_aLJ 1 

^Lb^L-alla 

^y£ 4jjj_g_,u^y ^ j r.4-ta_iAijlJLl 4x.^_<_u J 1 C . ^_jI£' ! jj —2 

4-C.j-tjJ I (j I ^ .)»j I Juk Jjk i La <Lj_L«3 j 

ijul ^ a (^jl i4i*iV 4 .iL.>■ ill 4_j_AL>u^?i 




(3b>l>^!l ISLwLuaJt^ ISaj&jli- 


jI_ u 


3-4-tf 


-12 


oj—j—B 4di £j (jy^J .£3 j— ml 4 J 3 J 0 

^J oL_l11I J 3 J 0 {Ji.<xj ^.taLLil 

oLJjl J_jL (jLS j -^3 (_gi y ^Lijjl 

fj L$_9^ 


a! >uV! (j-u^u -i—4^« 1 v-i-L> 7C i-J -13 

4Xa_>J JlIc. .^j^_uj ^rCujjl ^ILa jL_>. 

4_.C J>—t_u ^j-C. A />j,l « <<‘H 4 ——m JLJ 3 -I l—a 
SjL-coil ^jL-ud £)1 LU j ^ L » 1 • 3 3 jLxLl 

. LUX j-i-id** $ Bd^Lu-uJ l ^jLcuJ 3-Li A 


^ L <.<* ^Jlc. La ^Lajjl ^a o L > 3. x L — 14 

jl J 3 a La 4_aaL3_a JLc-AL 4-_Uo^V{ 

f-Lul 4 _uL 4_>.LLxJl 4_tlj> i ,i ijr B 33 L 3 XI 

S I ^ t--> ^ 1 A 

Lco L S 3 ^.j_a.l I 3 dit jLX^f 1 dji^L>ui ^-i.^ c .i 15 

l£jLL «x jl^MJ 4 _u-uJlIL ^-l<.h,>J 4 _JLjJI 

* Jt*_J1 


Velocity 2l£^uJI 

Acceleration gjLudll 

t - ‘-^ 3 ^ 

t_c3» . H 

i_<_>.^a 

t_JLo . b 


jjim & . C 

<—*JLu 

c_a>-j^a . d 

i_XLx 

<_<J L_u. c 

LL 

- f 

^-d.iiO 

S^J ^ 3 -g 

J A » 

t—<JL_u. h 


<4JLw ^<ui__ 4 Xi_>JI ^Ja.* ■> LLa <.. a.L<~> 3 I 

3^ L—1 l.til 0 i t i (^yA ^y H ,1 £1 VLLa ( j r Lc. I 

LjLuJ I 1 iC-ljLJ! ijr Ji L^-Lil 

jL>uVi 


Oj£j SJLa>- <_,!£. tj! ,>^-*11 o-* J-* 4 

1 jl SSjLi^l 1 aL'La 3 j> Lo -i i 13 Lc^-a*Xl L g ^ 
43^L*iJ ^ L u- J l ^^y^coXi ^xxjl <-Llvi-^" 

. LL lj) wUiQ] (x>AA — 4_c.^wxiJi j 
Jji, 1 ij^.n tsi ^^L<oV ^ >- t - / -ix > - 4iluu CxjL LI 5 

!! 4x. jLx.it.1 jjl ^>LaXi {y& 

.dJJj 


(Jjis t^Lx^xJl ^^LuJ |CU-u-> OjL^ L) ^ 

4 jl_Li \S3^— LJJL ^^' 

1 ^ ijl CxjIj ^jLxij ^ a - i m > X 03^ ^ 

LaL ^L c j^s ^yL.1 ^yJj Lj-xulj <—-8 

£_uoj_a 4_>*iji J^ ."iX J ^J-A ♦ (_rA^ 

jL-a-Tou S^LLjLII CjLuIj_>-I 4_L^u 

U^j-£ I) SJu^Vl 4 L3 j ^yLl 4-C.J-J-U 

'<, ^\f 4 _i_<-uJJL 4JLitj ^1Lill oLjI^^I 0^ 

. LiiX j < 

jL ih 4x,LiJjl ^ylx-a 4_a-9 ^yL- LL 1 -L3j —9 

Uyj 4 _LIjOjI ^1 L-^b 

,^ju a t) f<fl (_^-ll ^ j» I 4 ^—^ i_sL —b 
(_ 3^ (jjl — ^ *(^3^1—1 ^— j— ^L — I 4 — c. j.. I H 
LajuLc. 4_LL^-xll 4 _-^i j. 4 -ui I 




4j_}J—*_!l 4_a J flll (j^- 3 0^ 0“^ 

4 ^ 1 I I Z)-- 0 ^ «^l 4_iLiJ*ill! 4_» a Lvj^I 4X.^- t - LI 
b-A Sc.t-3^ ^1 ^y£ 4_c^_<- H ■ • L t o^ - Ti X 

SJ 3 I O' L^ 3 


^3 L-gj ^. «i t d L 1 ji^ 1 1 1 d C j 1 11 1 1 t r < > 1^ L] 11 

fj\ tjLad ^Xil La i La 4_i_Laj, 3 jSlB l j 3 ts~ > 
Sd^lLJI tiXLl ^ 1 41 >J I 4_>-lj I 4 J 3 -L 


<dD 



iJLxfj *X $tJ 




.JLijJLI^^ J-l^,>JI= □ 3 wL>o l 4 < uc^la l. 4 Lu .,0 — 3*2*1 

http:// wwvv. sanunderscollege. com/ physics/ : 3 * J^JI = WEB 

4uic.La3 = 


3 >* ^2 juuIa ut»L>J1 - 

3^jJ! JcaClmlj /4_3 $j — | | 


(a) 3^3 3 3.0 m/s 4Jul3 A 3 ! 

(h) J 4 _L>.j_J{ 3$ 4 ■ a.c.^—<.</ 3a-i-u^ It -c 

53S” <1>.jJ 1 J^L>. <Ls_i_o3dl 


Ja>* 3^ ^1 4Jui5 4-C.j ttii L )^ : >r i'll j..j.,.i.a) —4 

-j-oAj B 31 A 3<S ^j ^ 1 ^ 


» I 3 4-ojlfi 4_c.j. ..<.<0 A 31 B 3 ° dsx^JI 

L$l£ 41 1 3 ^-^*- J-U.I i.la i. . -~} >3 3 

4l=wjJI j~t^~ 1 (b) $ 


a jtA^ 111 A-u^L>oV \ 4-^^u3l 12,2 ^ ,u 2tl 
: 4j&3u2tj 


3°j3 ^ wU£ . 4 _j_j li 

a- 3.0 m jJx. 4 _ 


! cii ] 




-5 


-J^> $r 


^0 35 ^ 1.0 s 


3^0 1 
^ >- 


aJ, 


35 ^* ^ — 6.0 s 3 °>^ 

A _ ajL*A\ ajjt 3 * (a) a= 5.0 m 

i 3 jx. (b) 3 ^ 3 -h 32 4Jij—^ 

. 1 i JlA 3 ^ 3 ^ ^ 1 i it >3 i 

31 ^ 3 ! 3 _xj P 6.2 3< All 

lj>J 33 H —4_B5^-Aii 
^l (a)A^j^Vi^ 


WEB 


s *-- a —t 


/— 1.5 s 3 ^ < 3 U>Ii 53 ^! 1 3 s 4 _L^^uj_lt,i 
4 _cj_i_uii 3 ui (b) t— 4.0 s 3 ^ 
i_3>. ^uI_j_ju /— 2.0 s 3 ' q 3 - ^ a_ui 
4 _^_j_s $3 *A -Lc . (c) 3^-*-“-^ >32 L/3O 

ij>_a.i-^U 4_jjLi^i>3 35 ^ ^ 3 ^ 5 ^ 


i4-^LjoVt 1.2^4^11 

3-*— 43 3f-cu_>J 33 H 3 3v ^5hjdi —1 

35 4 j*_ 3 >£ A 3^Cu>.Vi 33 s 3^ 33 :t -*- 4 
—wjii A_>-^1 . PI .2 3 ^ - Li 3 1 
0 (b) 0 to 2 s (a) 4 _JL 3 i 4_33J^ 

.0 to 8 s (e) 4s to 7s (d) 2s to 4s (c) to 4s 



(a) .^ 33 -iJlj t j jLi—xaVL x C ij 

2s 3''° 4_tl.x>3li 4 Irx i u 4__c. ^ _ J 1 


4** 0 4—c.^—tidl ^ ^6} ♦ 3s {j-x —>- 

. s 1.2 3 ^ 2s 3 ^ 43 ^ 3 ^ 


5.0 4Jbl^ 4al 1~ia "‘Lc-j—l. 

3| A 4 In a di 3 ^ ^3- 


o ui j .. tj.iiJ |—3 

jLj_u_^q 3 >• ^3 m/s 


B 3« 3 >J1 > ^ir. 3 B 4_La_flJtJi 









(ib) Instil ISu/tUjJjlj tSgjlSatt- : JjVujaJQ 


£* gjUUl ^j! (a) P 9.2 JSLil! 

^3 t <t Cfcii dgLfatf t^-LA (b) 

/— 15s >• t = 5.0 s ^j-4 4 __iLapil Sj. i. alt 

. t~ 20 S 0 2y3J 


i^m/s) 



4_3^La 12 1 a.po X u^>. —10 

/ j jt_ii_aVLj x o-j—>. x= 2.0+ 3.0 f+ 

^ (a) £= 3.0 s jug.. ^->1 j) IL) 

. 4x.jLu.uj (c) ^ 1 4,1r.^..j-Li (b) 

:<Ujl t Up X j£9fclt (jyU- ^ i-dj^tlj —11 
x= (3.0 t 2 -2.01+ 3.0) m 

t- 2.0 S (_+-> 4— (_uii Jo — t-u ^IL a (a) - c, 

■ i i C 4__J_In t 111 4-Cj. .uJl (b) £ — 3.0 S J 

^jL<aiJiJ! Jn t.u^.*^-4 (c). t— 3.0 s a t— 2.0 s 

£jl___ill (d) ./= 3.0 s j r= 2.0 s 0 ^ 

. £= 3.0 s j/= 2.0 s Sic cy la3fclH 

Cuii> gjLmuj dL>3j Jju^4Sj^>Ji5.2 

L^P^-skj JU£. 3jLl-uu 1 ^ -vLlL>o 4JiLuUJ <j3l —12 

.40.0 ft liudpj 35 mi/h 4_c 

3jLl_l^J! jj-tuu 1 ^ >. 1~ > 43 i a a a J 3 I Ua 

70.0 mi/h 4g.j_*uij jJg. uIj3jJu 

♦ ^^Ufcuil (JjU-4 ud.l 

4* ^ >» j^a iX j^->P 1 ^Ic. (JJj_3ClU ^ —13 

43>UdL 

x - 2.0 + 3.0 / - 4.0 t 1 


a(hi) 



'jLuUt 3.2 

aL>u5b (^3 60.0 m/s 4x.j t ni ~7 

/= 1 5s J t= 0 (jrj_1 . /= 0 Jl^C. x J .jil 

j * i^-»!l (J irt~i <Lc._^aJI Jii 

$15.0 s i^llj *Lu! (4l»_»JI) £j>LuiJjl ^a Lo 
$t i 1~ .I -wV 4 14 a! Lq 

j . ^ C-ji . »“ 1 /j j 5^ . .. .l i t (j_XJ “8 

4-c^ mil (a) i^-c. p 2.8 JSLtii! 3 ^ 

(b) _j t— 20 s .ucj /= 10 s jua. ^ j <11 sc. I! 


.20 s Jjt l^«Uaj <&LU! 

^(m/s 2 ) 



(Jsi ip-t-A x (jjc cdj_*_lj ^ 11 1 -> J 








(a) v 


,_yJL_£: u-U—« 


Cr^ 


WEB 
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i2.0 S * 1.0 S Jlaj 4x.^j_u (b) j j j_xiojJ,l 

.3.0 s 

Lj^ C. ^-uLo_>5 4_X.j_js-J5c_a f» c_3 Jl3j 

dll j. <"> (jr 3 c_3iil^JI 4jb..V *✓> 1 ^JLaAJ-LJ 
Jljlj 4_3jjLaa> l ^laJLall I2L_5 . 4 HI Jl_*j 

t 

4 _C ^ .4 je, -a d03J_ 2 4 _i_g ^ Lj (b) 1 .5 S 

Jo--9 1 g. ~ C j-u. ijr _A La (b) L ji£.'!} £_uLoI! 

. 3^_dL_<s L$j dl Lixt-4 V 1 

4-C,^ < n ) u/V 3^—dL-i—4 <—3 Jl 3 ) — 20 

30.0 m 4-d_3jji (j^a 8.0 rn/s 4a_j| jiul 

^Laa^j OjSJ I l_£_Sj_*_ Zx _cuJ 4_ul_j (<£ 

(j-fl <)j—^ lHj L\42—t-i/l 21 

4 la -^JJl 3 <jr^J .(jlajVt U -4 h £-1 - ojjI 

lj i -j-0 (_£j—>»i * " -* ‘^ -L^ 

jjljjSLI! cJjLoj 13] 4_ulaJI 3j-£Jl (jAX. 

. ^^3.4-u^o -ja h/2 4sL^a 

C. (j-£ (^i-cV l — J.-i u j 0^—^ l—2-X. 3 j 22 

15.0 m/s 4_uidul 4 c.j^cxu 

( _y^ (jrll J 4 (3 j * ~* "‘ 1 (*0 

3j52l 4a] 1 Jju^lJ £-433 j I ^-ux2l y& Lo S^LajI 

.2.0 s jutj d^Slil 4x.^o_u Lr^* {c} 

tSL aL^ JuSLK u^lVu ml *7.2 ^^*2511 

obLi^ ^j-4 

JjLu dl^OfcOJ juaj-U ijr-A 4 »l-i 4 gjLuU “23 

1 ^ a c.j—tui £_}j,_« £_a c-AdUtfLijJ (j-oi—° 

a =^3.0 v 2 for\i >0 (SI cjIjo-^j) 43}LJL> 

1.5 4_c^_*_uj Jjl_»_a]l i Ld 4 j£J 1 cJao !3 Ls 
^Ja-3 V ZtI C*3$JI jjja 3^ ta < u~i ^ . m/S 

^4-uljCbVl 1 C-fl - I ^Ji 1 ,^-t-u 


(s) ♦ ^y-alj. lib / —j—<s^Lj X cilia 

(b) j 4 _aL>uI j. a. *3 4Jia>J A tc 4—jl 


a-O 3 —4 

4>^ 0^ L^4JI ^-l3s^q.U LaiJuLc. 4 oCj-lu 

. /= 0 JU4L 

^aii ^i_<-ua>J 4 _*jIjlojVI 4. : lC.j- ^J I OaL$ 13] “14 
2.5 s juu 4 31UU ^ Lq 5.2 m/s 

^IjiJ-Lo ^jLuaTl » cllj—3tOJ ^ iii. >Ji (jl^ t3l (a) 
£j\..,*. ~n <i]I j_=c_1j (jLf> list (b) j 3.0 m/s 2 
< ?-3.0 m/s 2 

uJ ^a3~i aiA tU^- iJ7 ^ jl U 4 j i < »j 


20.0 


15 


jll^-jH ^L-u 

JI^L -1.0 m/s 2 £jl_^u. 


1 J 


LojCulj m/s 
ILoJl .«;> 


j[ U 1 ^oJI 4_3l <«U Laa , 4-lX^—>• 

^ { Jo3l^iJi ^ljJtai_u! 4a! Jl_i i 40.0 s 


J^jI<L1 I * ui 4_j^_j_}I ciJj 

£j l 


16 


,^yA 4 ,~j C. J—LM 




lo-.l jUX 


6.0x 10 6 m/s ^ -v 2.0x 10 4 m/s 

. 1.5 cm 

^jj^ o SL l V! 4Js^JiJLtiU ^jJI o (&) 

jgj La (b) S4^2L^i 11 0jjt> 

] ciJ^-rt-aa] Q^SLaJi \ 4^-5^ 1 J ~i 1 — 17 

,<u.gJ 9.0 m 4i^L J-jLa ^^aaiaa Jo—«_u! 
3j^Lll Jooxj 1_xjjlLcj .5.0 m/s 2 

^| >>•! a A L ylc. 404 11 

Ijui t-r -b 15.0 m ^L>3~> (jl 

Jl 1c 3^521 4oi^_t_u Lo ( 3 .) ^(3-*^L.1 11 

^ jJi (jgo^-l! L« (b) t w,U 

i^y 1 ml.I (jrL- >-^3U 0j£3\ 4J3j J U Uui > 
^52i 4a ciij_ot_Ia ^ jji ^pL-j_u_oJ! Lao (C) 
3j£2i 4 £-j-i-u b (d) S^yjloJi "t t a i 1 (j4! 

\S 3 -j _‘-*4! (j?-b 8.0 m 4__^l_ lm—a U°i j —ju 

V ^ 1 

t^La*jv5^2 ' 4aj)^i tut! *6.2 |ttai4oi) 1 

(j-O t La.3. -u"J jy£-< a 11 jys (j.1 K n “18 | 



1 ISLulSLjIi - J^VI ^J^Jl) f 


ANSWERS TO QUICK QUIZZES : ACJ^ull Ci! ; tui2l iwbJ 


4_Cj_uuJ! jljjj Liyu J u LLL^ i 

a-r>J 1 IjlA • (V x f >^ x /) 4-uljCuVl 

4_u1 JOj^I 4_C.^)_i_uJI u i— h^—L-u i LlJLi-u 

■ (v x.[ <v xi) 

^jLuu (^1 doUi 4*—° ^3 ( 3 .) ^Lt^J 1 (4.2) 

.(c) 4*^ i-ttlt i JU4>^ C - u lj 

jl ji^3 4— c.j —lm (b) ^,-jl— j—jJI ^_i_u^Jl 

OUj-b . <*i tVt 1 a (JjLa-c-J j j i j-^Cl-lm L) 

UL 4 > u-^b • ^1 

cdij (c) —j_ 21 ^-i^j^Ji .(d) 

5* 

U-s iC^Lj Jj_jc<u Vjl J^\ 4—c.j> <.<31 

L-ij-^J- Uj . Cxjlj £jl-LUJ dJLufc (jl <jr JjLJ 

i 3 jljjJ' J-Lc. 4 jC^ujJI 

4^—i^ <,u ^b * ^ 1 ^ <,u j £\J '—m—111 1 

.(f) ^_}l_t_2i 4_Jl_>3i £ Jl^J 

^5x-i.u> *2.13b ^.ijjjS 1 (_y& ' 4 ^ (c) (5.2) 

oJ^£t> jSlc. 1jlj>. 3j. j. * 4-oJLaj 3^_Tt_aJ 3^£UI 

.oMfdl 2 oI_3jJI 

j-uLdl £jLuJl j -tCu-u .j iXU3 ^j-4 
, 3j£2i q\ ^yA 

loin's) 



oU3 La J^>- ^4) «=Li <«j 1 A -i. u J oj^ o' (5-2) 
^,-ji—-j_2! I ljuk ( 2 ) 3^_>-j_LI ^-i-u^Jl 

c4'>-^ j— 4 K “ ^ 

(11 mi/ h=) 18 Km/h 5.0 m/s 

4*^ 1 £-j _ '-m—a JjI _uxJ! (j^Sa"^ oJJjJj 

^>3 (^ysjJI £^Li-u_21) 1 i,u\ 

4_l2uj S(^j_o^J! ~4-C.^,.faal i) jjy j LuJ I I 

.(b) ollj La JL>. ^yl\ 

3jl_i_<_uJi /^la-Lj LsJulC. uilJj OJL_3 cj . ( 3 ) (2.2) 

L ^ C.J 1_l_uJ ^L_>ol (j^Sb till jJ l 1 ^*f C.J—LJJ f^yA 

C^jl—£ !jj] .^QJU (b) • \ $ "j ^—>■ i>L>ul ^yn^C 

<?Lj>oL^ jLl>J.I i>L^>oVi (jy ^ 

/_4^>1 3 rt_j! (jjLb i__<j>.^JU ^jl— lju —l!l j— i_uj 

. <1c^_coJI 

4— jy\ _^_tii 4_C.J—uuJI J _I L_b>3aJl 4-^-* (3.2) 

jj4> t 4^^' Ji—>Ji ,yll 

4_Ia^tUi {JT ^i 4—ul jOuVi (A t u ->tJl ^ 

j— jJOJ \ jl_>J! . 1 .g j. °i 

6j_>»j 4^3b ^ 4_c.j— lOI oJlIj 

jL->Ji 13b ♦ ~>d 1 fjL <.» > 41’x« 
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til 4Jb*_i J^-*3 LoJlIc. 
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o-^—^ ^j—^^ W 

Cj\ _-q^JjlII 4Jbt_i]i ^J..aD < J^_a_ 

JU-^jl ^<uluj * 1-4-iJI ^1)1 

j-a 4_jji_>JLI _J 4_tia_ *-}■? 

4i.. , xJj 1 a "i m taL/J . CjI ^ jeJili 
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Some Properties of Vectors 


Coordinate Systems 


uil^ gv Ut 5 jl>3j uiU^>4 43 4»ui/L2Jlj ufLwSJl 2.3 
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■ r *0M- 

. & 



(jA <J£ I 4 J /J^il 4 ^L^_uLM oil 4^1 L jJ^sIjuu !j\ La LJLc. 

_4-5 i 2.1 ^4-4-o.jS -t-U! L 4 . ♦ 4_^£vL>U^H^ 4jX. L »ll d I 1 

J^a-dJi ijufc ^^-L-Iu^ . dai £ ">•“ <n 4 * j t L 11 6jJb I 4 J ^t dsLu-oSLIl 


c_3j_i_gj . 4.^ a*- 7<11 oL^lJ 4_4 jLx]I da 1 ^ “i 1.1 j . £_c 

4_*3LdJI dal la j -lLGJI . 4 g -ad 1,1 dal i 4*v II a 


. 4_uL^_iAJI da "^LsJj 


^LL_» 4_Ldlil uLi^j 13 f 

4.L gj .3b} _CjI _di Ji— 

. (x,_y) cjLuI ju^^Ls 


3? liiljJj u_jl ~iSU! I jus J>Li- 4 ^ -»■ ~U cjLj^SLII ^ 14- ~.,.~ 

. LuLu 1 ^<i inj j 4j^_c>JI 1 gts>\ jj. (jjO }Lal£ I * ^\^Ai 


coot 


\TE SYSTEMS ^Lpia^Vl^U^^ 
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(a) 



(b) 


oi— jjSj—=.V! (Jj— iLs-i 23 inti 

Y d4 l _. .11 1 t 4 t-v a 1 1 < ... 1 1 4 i 

j— d ^Ld3 0 dt-j—>• t 0 d^lyJL 

4_^^i,l 4?l_>O^I /wQ d_C.LtiJI <_!jld_£L 

4jj IjJl *ul_£ dJida (b) X 
. (r, 0 ) -s (x, y) 


j-d>jJI j^La ^I Jidu JjLd 4 _uL^_j_ 4JI daLi^-td^JLI 
j^y-daLjJl lG-uojJ! <jl Liaij 2 ^Jjua 4 JLJiil jJj-j—*_u Lt Lc.j .^l^_3Jl 
4d»j| Jwlc ^_a_u_>J I J-aJL-Sedl 4_id^_L c ^ 1L"n a -*. 4_5 jj_>J 

2 (Jjua—& idaL-uld—>»VI ■> ~ iuLa c_4_tojJl I Ju4> . 3Ju J._r. 

jj-j>2vI 4_d jJoL^dj ^jJIj .4 jJ>_u^£L 1 i daLulJ ljwVI ^lid Ldjdddul 

Jo^Vl 4 L ^ i L^jt 3 l_>-G 4Lia) ljr ^ ^ jj) >llj ^7i 4^1 

* 4 1Jlo~j A 4i 1.1 daLul Jl^^L 1 '-OJI 4-cjIklil eJJb (jyJd t 3-i-Ljj . (Fig 1.3) 

4L < »1^j — z. —i_u—4 ijy s 4 L n i (Jj .2 4 > LI j—>.1 1 ^„llU 

ijr ^ L_4-^ t(r, 0) 4jj-id-u-U 4 _j—lLGJI djLuljL^w)fl ^.2 

{ja 4_di— lLU r ^L-4-5 4 .a i In a 11 daL-ui Jl->.VI ^1 Iri > {jr^_3 2.3^ ^jSLdJI 

0 ^ i (x, y) 4_aI dal_ulju>.VI L^J ^1 4 L 2 xll ^J] 4.U4,.5 

duliii j^-tkI.1 33-^4 L 4 .duLliil j^j>vllj Y (j\J 4jj1^Jl (jyjb 

. 4x.l_i_aJ 1 UJjl 7l C Jw-d> 4_La 9 4j^ljJI SjLc. X jjj>JU 

$ sin 6 — y/r j. .^>q 3.2b J^LdJi ^-j 1—^31 cJoJU qa j 

4 j iLnil djLpia_>.^{ ^jTl-<-u- 4 -> Lijlj lj] diijJj .cos 6~xlr 

^1 j_ 2 t—id_uL *4 j3-u^JI djl_pl jl_>.VI ^-L. j) ^Jl L l^ . 4 4 i4_L_4 u 

jc = r cos 0 (1.3) 


y = r sin 6 


(23) 


(m) * ) 






J—«/»ti 


C™) 


: {j\ -L 30 ofc£ll ljLj'x << 3 J 3 ^If 

? ( 33 ) 

( 43 ) 


tan 0 = - 

x 


r = V-* 2 + / 

s_bj3U LqJLlC. (r, 0 ) oLplju^VL (X, _y ) C_»Lutji_ 2 wVI 1 L 3 J 33 ^lll 4jfc_s^^l ilrtiiB ,jA^ 

ii\c. 4_£_uLa_A 4331 j 4 _l^-^J,1 0 QJ& LaJuX. . 2.3 'd JSLjJI ^yb ^Jb Lc_£ 0 

CiLutjL^fl (j- L_i (JjjJ-Tt-ilLs j* 3 _d 3 4 i j ul—>J 1 CjWI * >) . c-3JU X 4 C.[ mtl v_Jjl, ,rt L 

43313U 31 L.<_^ I j3_^_xs ^3 13! . (4 i < uLut^fl CjLjeila-ua.U £Jui> ^lc. aJt ^'na 4 -_i-j-Li-iJ13 43 ^_u^SLH 

i 4 _^ilLit_>a 4333L^.t 331 8 ^^Ljj { J7 t * a 3 i X jjjJU 0 4 i ilaJaJ \ 

.oLplj^VI i ^x£L^jQ^Ji llntyj t_niort3 t_^ 3 _i_u 4JUJI £>JJb 

?# 

ir* 

^ I 2 Sj^JI CjLuij^Vi J^il ia_£> 4jl J_J l_Ayf>3 tJ7 ^jl (J-i u * JI 4ist_> t *u <Jj4> 

J_U loli 1^ 4-LstjJl 4—o. X. at. "t lmJ ^Idl l —a S ( 3 IX SByjfcjJl ^ 3 —a (Jr £J 4 —1 3 In ail 

SoLuIJl^^U 

2Lu^ 2J( LjLpt J^Vl *1*3 JLx4 

Xy ^>L f ..u.U (jyS 4In ^ 11 4j3_U3$JI el»Lut jj>.y 1 
, 4 dj-^i 4 oxLx2J1 cjLu1ju>.^I . 3.3 ( 3^4 3 ^ (x, y) = (-3.5, - 2.5) m 

'tW' 

r = y 2 = /(-3.50 m) 2 + (-2.50 m) 2 = 430 m. 

. v -2.50 m 

tan 6 = — = - = 0.714 

x -3.50 m 

6 = 216° 



<ji ju^jJ y iX oljLit t V"< < in l-^scj <ul 2i>.V 
ol_uijU>.VI j»Uaj fj^3 dJLiJI £JjJI (_y^ 5iaalll fljui 

.35.5° d =216° of 

OjJl^ 4_uIa^JI oLuljj-'iH jL^ji 3.3QS>.7ttI 
oLuIjls-VI ^ t.." 





VECTOR AND SCALAR QUANTITIES 2 Lu^L^llj 2 L^>JXl jL^II v.. 2 .3 


lJLl& £Lj L »i-x j 4_i ^ Lls cjLwc^ 4_uljj_uil! d>L-p 4 ^J! ^yaju ^Lis 2 1 

frljjJI jJb l_c i _ J 7 5J ^-jUkJL 3j1j_>J I ‘l^.j j 4_B^._ t_-o JUj3 L_-a jJLc « La cA j 4 X 2.3 

degrees C 3jlj__>Jl 4_^>.jj 3y* j. .3.^ L^_^LiL?t3 ^31 3 j .p.jJl <Lxa j.ltI I <» m 

„ .* 

(jjrxllj <Lua^Ji lIL L^jI ^JLc. i— s ^1 1 Lu 3 JI <LuiSJi 3jlj->JI <l»- jj oj^j llU jJj . r degrees F 

~. *.a J 4q» uLLo olju^jj 4 _a 4.1a < 3 jj LxaLc-s cJu^ajJ 

. x>L>oi L 4 ] <Li .1 u Lx xa 3Jl>-^ £_>a 4.<a j a > <Lu_uLul!! 4_ya£Ji 

c_iLcxi_>Ji J-jc.Ij_£ ^.jLtL-cjujj t4_l3£Ji (J yi> 4 j t tfl—i_aJI uiLuli! AfLaVl ^j-xaj 

. 4 j i 3 j3ll oLyaSUI £-x3 (J-xiLtoil 

Ajz. j-x-xxJI ^>->3 J£ 4 _^jji-x 3 cy_ 3 cj t^LajJl <Lc.j_i_u 4®ytl ?tLj_^> 3 J 3jj* SjaLiaj £^l]35U L *3 < n xa 0 -t£ 131 

» 

UjI (jP-llj d 4 xa^ 4_C,j_^uJI ^jj^j i^Uajtil LaLxajit-tl „L»^t u!^-j 

:^1 ^ 1 (^1 4^LuaVLs 4 utjj[—La jl Jl3-xu LaLoj c_3j-*j IgA ^jt4> 4_Lljj-x3 <Ly® 

.x)L>«j1j jl J_3 -o l^J 4 4 4_y^52II 

(S) La 4 .L i * i i ^j] j^A) La 4 InTi > d3j^Iu ^-Lx-a>» (j! . 4 4 ~r~i 11 4-yiSLiJ ja»-T JllLa <L>djVi 

‘®c4! ® t®° ^4-uu 4^-ljVl cJJt JLwj *4.3 Ji-xIiJlj ^-uaj-xa j_A Lx^ ^ aj . 3* xi - a/i jLa^uxj (jjls Ly^ 

J^la JlLxuJ 4_a.ljVI x>L>ot L p-CJ ^4 x« 11 i?l—>ol ♦ 4al Jl-jJI 4Ia 3i c ]ya £jL_L 4-jj j - j ZLj ^4 xul l 

j-la^-til Jaadl JLo x(^B) (^A) ^ya Lxa xi->Jl La l 3 jj . 4j>.ljVl ^4 « x d l 

. i^By ^t (^Aj ( ^a ^4 toll (jr Jt 4L>.|jj cJljLo <4.3 J < < - ~d l 


la l—a Jl-Lc. 43 


(S)c4! ® i>» J ■" > 
s 

a-Ldjj 4. 4 - tt - L q ‘Ly® ;_y5) 4JL>-Ij] ^jSo () * 1 a 3“11 jJLaj ^jLLLLI 

•(D^i ® ^y: ^.j-<_ujJ[t ^v .4 t <, J 1 xJ-L-i-aljJ 






(m) 



(b) illui ^ >jSOJI cdii -ft_i (J-A .4 j_i_ul_LdJi 4 i ^*01 4-iij-^oj JL_vt ^_A . 4i-uJI ^3 £-LftJiJ! lj1_l> { jyx> JJl_C (tl) 

(PhotO by <?L>oVl ^ jl JL ftJ lt ^jSo \ 4-t»SL I l 4_gotItii 4a>iSJi . ^yuc-Jl 4^>- ^Jj j -±± m 3 ^ij-v BjLu^iil 

t_jj . m n la 1 1 4_JUo ^-xixl) ».i 4_« 1 ^Lj^JI 3 JL_jj ^ j xi ) (c) Rely ScfYVciy) 

.^Lj^JI oUol ^1 ^_u*JJU j.i~ui^ .^b^U 4 _i_aL>ijVI 4c.^_<-xJ 1 (^\-u <_s!^£Vl 

(Courtesy of Peet Bros . Company, 1308 Doris Avenue, Ocean , M/ 07712) 


1 c_iJ 1 _u 2>a * 4_^J3 c_l1I CjLj-c^JI (3j~iift.il A jJlLft 41 j i <_ilTtSUl 1JL& ^ 

. I A1 ji A La] A 4_ss_jJJ 1 JLA jl JLo-jo *_is ,4 JJ nO_^>JI 3^^ p' '■ i>" , ..I (jr d>j 4^0JJ Lgj j-Aj-i 

, 4x.j i nil 4 j i ii <Hj 4-olii iJSLJ jILo J? tLs-ljiU 4 , i ii ilLi jllLa^l Jia i4_uI_3_l 3 djI Jl>-J 4j 4 jOJJ jIjlSjj 
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Vl CjL 


tb> 
JI^L! L 


_ill i>j_& 5.3 jSbiJi 

i * y (jV 4 jj 1 ~ .q 
4-jJ Lm-~Lft 


Equality of Two Vectors 3 IjLuj» 

\ —ft—£_ iLj B i A (^)L_£—a- <11 (_d2_3j—*j ^^.ift i y~i —^-1 

^Lao^H 1 ‘~ l ^3 G-tl (_) nri l 1 ft' ^ 1 b)L^ !j! ^ 

o3 3 i~ij B j A (jl-^ Ijl & A — B 13] *Urt 4 A= B <ji 

.(jLjjl^Ibft ^-lC- (J.I.W1 \ 

5.3 lul l Cjl—? e Ji ll ^- 1 —ft. (Jj t i n 

£jui> .4—all a:—ft 4_ii Jo Jol_3 j 1 ^ 1 1 ^ J ^joa c 4jj 1_uuLa 


4 i jiA /l Cr^i t-fij-ao bjl IbJ ^ ft i nl 4_i_/^>L>J 1 

. 4_3cji 1 (jr Ll jaj Lll 1 Jo I 







I I tSLuLj.Aft$ ISLjISwII - ^ 


Adding Vectors 


<^j B 4 _^jU 1 t *_^. J5L2J) 

R < 1xaj> wL 1 A 4-j>JlU 

• B L>"b cb! A Ji- 5 (>“ 


/•=“ n -®“ 5s ‘ 

*~“r—“—*r-►* 

* 3.0 m 

5^! .Cj I ^ j ae JU t 73 (JSuIlII 

i>L>o 4.0 m ^3 ol_>o 3.0 m 

(j-A 5.0= IRI Julj (_pXc. <0 Ml aj Jlj>o 

. Liililjj 


.-x^ D 


* / 

°/ 
11 / 

* n 


• 83 c.", 11 


R <1^ -aJLl 4 _ rr ~ti . ot_ 

44—*—3—a (^jJl yiLta 




~i i . k Li SJjga.n L^jLusJ (jSLcJ Cai^.9r~U J-«4»- J4C.1_$S 

iA 4_^J<J.I B 4_4*_jJU 4_3L_LasVj 4 j uiJli^Jl JjjJaJI 2.3 

<i_j^ ^y. 1— 1 ^ * * 4 " rt t 4 I " ■- " ' t A 4 ■>- "it I 1 p < njI 

( _^oLo2_y3 jjaijiJb B 4_jtli! (^jLu 4_]bjj ^1^- *- < ‘ liLla 

.6.3 U£ A (jyjlj (J43 4jL)4 lji_LJ 

^ j_a 4^l« R resultant Vector 4.1 ^a >J.I 4^La R 

J 

♦ ^4Qr.l; oJu-U 4 Juj_!oj t—djju 4 _Sj^-LxJ1 aJJb B i_>*<b ubi A 

4- m ^3 ^L_>o 3.0 m o£j—>o 13] ^JliLl! ^- 1 -c.^ 

<■0 / ti AJ JLT>0 ,7.3 J£ ilJli La£" (Jl A. ,lj I ^Lj>U 

, i^j-Cu ^J1 <i mi 53 4_jjlj Juc 4. i-tjl 3 4 idilul Jo 4 lag > ^y 3 5.0 m 

.^rCl>.ljMJ < _ T ji>L>oVi j^>Ji ijr Jt 4jK ti 
(j-c j. "t -51 I ^LlJI ^ \ j, .. V It, *> 1 I—L^xt I 

.diL^fcJLa 4JL^- 8.3 J<^11 L _y^i £-jL<z>yji Ijufcj .{j\$sx7i.A 

J- 4 -Su ^jJi 4—a- ~ 11 jJb R= A+ B+ C+ D 41 t<~i ->JLl 4 -r- "U 
Jj 3 ^ya 4_aeJL«3 R 4_ajylaj^ JiJutlLfl 

.4jatl>5 \ i _yj !j 4_atILo jJj f 

3jLX.L2j 4^jj_tui.lj (JA^ .-Tr "<■ ^ >.I 4 __oj^_L 3 tiiLui 

Ij-A .9.33 J^LcIlJI /jyii 4_5C_iIo^—i^_4 -^-U ^ 

. 1 4 ^JUA t ) £-A ^^LuoILq B J A clr^^U ^-i-ujJ! 

1 1 5/1 A j R jjLlit 4i^q 3^X1 4_?E_Iti > l 

.4jujVi 4-C.^Li^I bya B j A 

: 4_3l •'- 1 c_j_uj5 ^1 c £_4_j>JI j o ~ aSi (jl ^ a £-4-^ J^-C. 

{jr £ 4 ^^ L^ f, /^SLIj ,4 ^-3lj jJl-jJ Lajj 4 n j ^ ^Ji 

4j|j .(Cil ^ Tr*<tl Jylc. ^Li) Cy-Uylll (jt 1 1 

j^_jl—s_) i_3j— *_jj 9.3b J ^ r,i II ^ (jr ^_uJu^JI (jr* uiU3 

l 

A + B = B + A ( 53 ) | 


) 



t— 


C§) 


R 4,1 ->II 4_aiji,i 1 jla (a) 9.3 (JSLilJl 

J A . 1 lAll 4j (_£jji L^j'j ~ * J L 4 

A+ B= B+ A (ji —j_j jo II 1 j & (b). B 

.(^jLu oL^Jelil J-4^- ui^ i^J-=.t 4-aj^^iajJ 


<? 
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Commutative Law 
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'/ 


A 

(a) 


A 

(b) 


o 


Associative Law 
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B + C 


vS* 


A + B 


-liJi 103 (J Su+k tl 


® , ,. . - 0 j^jLia {jjia'a-Tt! 

A .A 

Cjl g l> " l I L-4-5 £-X-J=tJ ^ZiJl 4 J-4-2Z-A J jl Cjl g7-'ld CjjLj £ -4- > - J^lC. 

^ ^ mJ Ijuij . Cil ^ ~1 o Cj}-Lj 4JL^- 3Jl_cL_ 3JI £, It g ^jUbj—JI 10.3 J£-CJ1 tj .3j)j_<m 

* u>>^ 

A+ (B+ C)= (A+ B)+ C (6*3) jjjl>JI l,* nj2 Oti- 5 ^ 

Cjl ^ rt-~t 11 J-r^* uul^il Vj L^jI L£ t?L>o!j jl JLAa LgJ 4 . j < _ J7 Jb 4_a^il! 4_xx£J! Lt t 

^■^Ix (_)(jl i^2£l jl (j^ ^ •>*< a AbLud] JlIc.^ . 10.3 6.3 jya (JlSLCiVI ( jr B ^-jl^^_x Lx-£ 

^lr. 1 4 -$jv 60 Km/h) 4^l^-<-uJ 1 4-^.Tlx 4j9LxbV ax CJLL& ^.u-iJ (Jllii.1 jJj_j_i_u ^lr.) CjI Juxjjl i^yuii 

4_xx-^ (Jiix-i l.x^Lx (JLiit jjj 11 n (jr Lc. jJlx-^31 4 200 Km) <c>.ljVI 4_^~Lx ^i] ^(Jl21i J-ulu 

dJl_Lfc ajt £(J 12-11 (Ju-u-w (_y Ir.j . 4 j < til j 3 II CjL xCII ^.lxT- 3j-C.l_3JI a a i Ll^jI ♦ 4 rr a 4_uLj_u3 

. 3jl j->~ 4jvj J 4_jJxj 3jIL3 42Lu3^ ^ljus 

iNegative of a Vector 4l>^X\ t-JL« 

* 

j-x->«il Jl j£- Ij li m A 4_^-...j-11 ^\ c_al i^tj LaJlIx. ^jdl 4_B*-_ljl 4_j| A 4_?cJlll c-jJLu-u 

(jubL>ijl (^yJJ (jlj>-j_CiJ jl Jl a 11 Lq-^J -A J A (jL^-Tt^ll . A+ (-A)— 0 

. 3l~i rr a 

Subtracting Vectors Gl^Iil ^Jb 

4j^H1I 4^Lus1 I^jI A~ B 4_Jlx jiJi . tLseTi.1.1 <_JL-u Cilg-r~U 4. JaC ^jjrli t >~i 

.A 4^ii ^Jl -B 

A- B- A+ (-B) (73) 


A- B- A+ (-B) 




lSLy*LuJtlt$ ISLolSLd! - 


^j_Laj < 3 t —5T tjUi. (&) 113 

ol.<.u.i (~B) 4 -jsl.iU .(A) 4-^JLa Cy* B 4-j>_Ti_a 

^Uil *U3Vi ^j] j^ 3 B 4^Iil jijOli 
^_4jJ cjL^j^ui.1 ^ A ~^' ^^lcUs A /_y3 B ^ 

^_uo ^3 * t 'la ^—a ^_lf~ A ^ A 

C= A- B 3j — ail C ^ i A (j3j ( _ B j Jjj 

(J urn *-11 B ^1 43_aLt3>l i_^cj ^gjJl 

.A 


A ... .-1/ 


C=A -B 


(a) 


C=A -B 


A 

(b) 


1,3cl ^jSLt_ui( ^£i ^ is>^-A 4-3_s^ Li 11 £Jl^ i i a ^^JL3 ^.i.u JlI^-1 I 


B j A (j\ £ .^r.3ll iyu A- B (jl 1 (1)1 LT^3 £-jJo ^Jj J. hill 4 -Sjj-L 3 udllAj 

A- B 4_^3<ju ajuji *?juk t _ r ic. 3 j)<^u ^liii 4_3t3Jii ^^yii ^obLlo] ^jJi 

. 11.31) 11 ^_uo ^jt) L£ Ly^l Cy^ 


SjLvl 4i>.j :23 JLL* 

J1 ^<m II <a^vLj 60 i?L>ol tjr ^ 35.0 Km iiU3 jju ^3 <?L^>o 20.0 Km <Lal /u -o 3jLi^ ^Lr>33 

. 3jLu_u.Il 4_>3jj 4_Luri^eu3 dL>o1 J j! jJLa 1 . 1 2.3 ^J5v uuJi ijr ^ L<^ 

L_j—«_ uJu_A> 4_J I—uill ^' ^-<U T all 41 tsn rr ,a (j^3 3jj-L> u t^JL^-U \jJt (jr 5 

J^KJ (. 3 j ^ C^lc. y 4 3 j3 ~*J1 12.3 J<.inll jjyis 7^<3 oj-Q jjfc Lq£" 4131 /Qj ^-cuj 4^JJ ^1 JlJt3 < I*L> 

« ** (- 

R 4j*.|j^M Ji^Qj CjL^jt— ill ^ i uj3 (jl t.^1 ^lr. LaljJ <3 jLLajj^>JIj 4Ji i »11 

B J A (j-a *43x. 4 JLu^=>JU 

4ui_i-uLn3 J ulC . O'* 4_lLc. R jl j3^s jjl d^JV^Li i Lj^_j_>» 4JL ct i. 1 1 

:ol R 2 = A 2 + B 2 - 2AB cosdjd = 180°- 60”= 120° cJiu JLt 

R = 4a 2 + B 2 - 2AB COS0 

= ^(20X)km) 2 + (35.0 km) 2 - 2(20.0 km)(35.0 km)cos 120° 

= 48.2 km 

: sines <-..ti->JI Q^-sl^ JUAil <?L>ol 4_i_uL3i.l R $L>jI ^ Jlc. (J^~>31 






& 


N 

W—0—E 
S 


v(km) 



v(km) 


sin /3 _ sin 0 
B ~ R 

sin /3 - — sin 0 = — — sin 120° = 0.629 

R 48.2 km 

P = 38.9° 


48.2 Km 4 1 ^ 

38.9 4j^I j ^L>ol 


a^\^\ jU*jV 2l^Lo_JI a^LS\ 123 JSLiJI 
. R = A + B 4^>uLlH 4 \ ^-*1 \ 


1 (j Ac. \ \\ is\ \n~i~) 4 ~x- j "i <11 



Multiplying a Vector by Scalar 4^U w^ 


A <>L>o! {j n n} 4j 4_jatILa ftlA i_4j. 11 W ^3-^3^ ^A 4j?c_ILM tat 

<?L>ol «d -fYlA cJ^-uail t-Wl 4_JLj-u AimLLa 4 j .-a 5^ A 4_-^J~lq talj tfllA 43,4_l3j 

4 J 5 A JLii,l >. < <1 . A ^L_>o1 i^j ti \c . 

- A *Uol i>L>ol a A 4^.jfl cJj ^LuJ jl JuLa 


4J -A- A - 4_j*3i,l t A 0 !__><_> I A <—si t <31 



4 *t 0 1 4 A+ B 4li^n->2 > l 4_^JLc jpta i CaJ>o < A 4_3c_jJU ^Jj B Aj>- .jU <, rtj />>( taj 

S 'j. ax^ ^jLlII 4^3tHJLl o_^zt 4^j-4u ^1 o_^oj S A+ B ^jL>uj 


oLg^JUl 4j>«Ht ujLlS^o \ 4.3 

COMPONENTS OF A VECTORS AND UNIT VECTORS 


^JSl taU ijr ^i 0 )\ 4_lILc. 4_BJ (_jjlLa_a La Ji_lr. CjI^coII 4 j t «I 43j^LaJl V 

Cj1^j?c-l1I cLl5Lco> 3 j3tILt_ulj alii ^ Je-LH 43 jj_Ls ^ ^.^1 1 I Juk {jr S . _}Lju^M 4-oj^Lj 

4.ta.iul^J LaLx^j 4 jscI_ a (_£ ( ( h ^£LcjJ - 4_?cJLU cliLi£j-a-> oJufc .CjLjjI Jj>.'$\ jjl_5t_a (^L^- 

. 4jLi£j^q 



7^_a3j_a ^j5» La^ a.^"vji.1 X ^a 0 4jjI_JLv! 4_ajlj XV ^aJ,! A 4_^JLa 


CjMIII 1 3.3 jJSLcuJi ' Ay, A x (^/L$-2c_i-a 4^txU i JlA> . 13.3 ^jSLal J Li 

? 

Ij-A rzJjj tali, Jl_^L_jJI L>" > U~1 t jl j A— A x + Ay ^j!J 1 jJ 1 C<R -a q ol_4—?e_IL^a 



ISLuLujJf^ lSLul£itt - JjVt gjjfcJt) 


CjLi^^o fjyll Ladita j—u~aJ cjjjjj .^^ALu^Vl ^.3 J ^ 1 (jr^l t^^L-o-J! 

JiU-i A^ x j^j>JLI (j^^ 1 A < U rt > m <0 (Ji^ A x 4 o^J.1 .^*1 j^u A y j A y „ <_. r^o A 

13! A y < l £ j 1 \ .4_JLljj ji 4_o- cjLo^jJLI i?Ju4> (j! • y x 5^*A^ A -An >» a 

4 j ,i i.< iL \ jJa-j! jt-LX_u3 IjUfcj c-JL-Jl X ^LtkjI , jr S A x 4_>oi Ijj 4-31 j-u<$ X <?L>ol ^3 A y 4_>ul 

. A y 43^31 


a;v 1 X 3 ^ j-Sj ^1 J u-^f ^3 J&iJJ y 

jbj A y 4 -a- l iLij X < j y iu-fa tt J l A a - 4 -jcJljo 4.1a-t«d 

* A= A x + A y .y j_p*vU < 3 ^ 



: (jl lO 2 (»Ui3! 




x A 

A Lu£j ^3 (jj £3 ^3 * sin 9 — * cos 9 — 


A x = A cos 0 


A y = A sin 9 


(83) 

(93) 


i_iujjuj 13.3 jJSLiJi jjja 

A ' A 

A 4^eHJU d>LA^>i 


A ijLxjI jtjJLa jji liUj *4JjJ_j. A (J4° AljI/II ^ulis 1 -1 l~i.a 0ja d)L£j-ll njut 03 ^-’ 

:(2jd3^L*Jt (j-s <GL£^«4 i li uj j 


A = JA 2 + a: 


0 = tan 


A 


(103) 

(113) 


A 4.3a 
A oL^oi 


t@— 120 c-uL^ - !3j <JLiiil ^J-i j -<a a .0 x 3 uu A ^A^ 1 3jL2«! £jl 


A . 1 1 ^^aitijj .A jA^ u_^-^ ‘ ® — 225 cujL^ !3tj . < 


A <43Ll* A x 


. 43j_>JL1 A £xu Lojdiz. ciLjJjJLI oljLA| 14.3 

• 0 j A 4_4iL>«jj^ ^jljl A y ^ A y 43lj£^aj Lai A 4^tall < h t^*i«n*i ijJjLcui.1 


A 4_^l<JJ oUS^it j. 4 ~ »J 143 

.4jcTlU 4 _ij 3 ^-oj ^jJt 


A x negative 

A x positive 

Ay positive 

Ay positive 

A x negative 

A x positive 

A y negative 

Ay negative 








(m) 



B 4_ a- J t X f CjLi£j_4 153 

*cpl-* <jr^-^! f ^ 


S4otlii jIjl^o 33 M 4_3tILo 4_i£j^ ^ 33^3 0 ^ J- 4, 

!^}i\ 4_o .ill (J3_>o \ $ j 4 031 U a 4 -jjIjj. l.£ <Ul iu a ( Joj ci_L! < 303 ^ 31 

J>—a—3»_3 (jl o I uLlU (j^5L) CjL rt_t_i.to "JI 3 ^ ^3 . 4j1_ 


<3! 3J3300JL» C<■ < ti-J jjLrt-4 l^J diLoi Jo .1 4 _a3 l^ LA ^3 dLt-^^i 
d^Jol tjj . 3 ^ 1 * 3 31 4-C. \ 4 (3 4_o-uIj 3 4 j-JL£ 1 

i 1 3.3 ,J£LCuJl 4 _Lj_j_U J3 l->v!U 3-1 c 3^ 3-iu-ul 33 1 ^--o 

0 43313 B A-zk-lj* <303-5! .dJUjJ l_*_u CjL_l£^JL1 (JjwUlj *_otj 4 j 1_3 

3 ^ 3~ > '-l ^ Lr^" ^ Lj_jl£j_a .15.3 1 1 X 330 !, 1 

8.3 ^lihLli l^Jc 33*3 U£ B y 5 = B sin #’ 3 B x ’= B cos 0’ ^ y’ 
(jdJjl ■toll 3 j t, JU /ya B ^L>uij jlj _^_43 < jr 'Ll (J -^-1 ->Jj , 9.3 3 
^xLLaj (jr j2 4ot_jJJ ^yd 3 —j.. .i_afc_HJ1 LuSLgi ijUxl^ . 1 1.3 3 10.3 

. 4 joio 4 JL>J o-i-uLua 


Unit Vecors C*[$><3 1 13 JL*^ 

1 jljuLa L ^3 dl J03 LgJ 3-ujJ 4 j5cILU 4J033 dLgo-lll 0X03 4 _Mjlj 4 ^^r"(U diLuiSLlI 3X- 33*3 LJlc. 

.30! i^jjua ^C,\ l^J <>L»ui i a *03 tJT £ dl^EjJH 3 J03 ^ Jo^iT^ ♦ Jajuuallj 

^J-i T u C J k <J (1 3333II ^aJiitlu-uj i_33j_« 3 .j^iJI ^3 oloj^U oj-uLuo 03 o 1<1 r *-4 jJtlduJj 

.(..< 1J3I1JI z *y tX J ^_<^-3^1 oUoVI t_r^i i,imi ^ ti d>l^3- <11 ^d>^3 

iJuxLl 4^03 l^iLI ^^,3 JjLuiL 4 j 4 3 c. CjI^cJLa tjyi 4 x. 3 ^j 3 e .>a ol^^rlU 3Jo-3 L j£Ldj 

• lil= ljl= Ikl= 1 4 1 ^LoJ 3Jo .3 4oeILo jlj_ 3 _x 5 . 16.3U {JSLwJLj ^Jt L«^ 

A x jJooL>. 03^3 16 . 3 s (JSLdJLi ^_u 33<5 3^ ixy ^3^ < aXl A 4 otiLU ^ 

A x i 4 oe_iil ^3^13^ * IA ^ I jl j 3 -g 4J3 x jlo-VI ^jJ^ A x i 3-^ i 4 -^iU 3 j^o.3 Ly ^ 

03^53 j .y 330 JU £J 2->3 iAy I jIjl^II 4 J 4_r*da 3 ^ AyJ ( 33 ^J ‘(A x 4or 7t o 11 c-ijlXLd 30 I (j JU <4 1 

:3_A 4 - 5 tHll 3 J0.3 4 JVjL) A 4 ot 3 JLl 3-^3 t-fJJjJ3 (Ay 4 oduUJ 30 -1 Ayj 4 _^ail <33^ 

a = A x i + Ayj ( 123 ) 

Jldll L-4-^ (x,y) 4j3_p3_^ dLiiljio .1 L4J3 Xy ^ 3d_uJLl j_ 3 j 4 Pn 3 1 3 ilr,l jLiil i t ii (_.y ^~3 

: 333^>1L 4 ot 3 i,l 3 Jo.3 ^Jl!^ V ^-udjJU 4 o 3 xtj t c ^3] 3I £^£1433. 17.3 


ISLcaLuJltlj I SLo l S-jl - (JjVtg>?eJO tU^kJl 


r = xi + yj 


(133) 



y 


. V a X {jyJk T (jl Uj-iieJ aJ-it 


y 


oL 


_jj (a) 163 (JSLiiJt 


Ayj 


A 


A x i 

(b) 


CjLjjI(J^ la (jit ^ ‘,j ‘1 

4_jr. "jl (b) (jit z <y <x 

x •djxy j <)~> m,U j3j A=A x i +A^j 
• Ay ,A X jyo^jil 



jy^ j =K. ~ -4 (J ^ <~ i t l I juft 183 _l^ "AI 

tli_R iLua—pii djl_(j\jj 


(xyJij^SJI oLAIj_^V! olj <U5;Si 173 JS^JI 
r vi +yj. 4 ^-" i(Jisj j1 j^-sj 


4 aib ji < Lx ,i h JLl^JI <t2j_y-LsJl (j_j£3 Lajut oL^seIlU £x_>. CjLi^il ^ji»-~ m i i_kj£ |_£j-i li^A (j^llj 
(^iil (J^ . By iB^. 4j B 4ttill CtjL^ i A 4_se_ilij B 4_3cZlM £-4t>- ^dj" 3 liA 4^>.jJj 

j-A R=A+B SJLt^JU A^iil (jjSi (_gjJI .aXja« t ,J^ y *>Uulj X tfUol oL£>it _$-& 4 Luu 

R = (AJ + Ayj) + CB x i + Byj) 

or 


R = (A x + fi x )i + (Ay+ 5y)j (143) 

:(jji gjlill jl (_^jj <R = R x i + Ryj (jl c u >-j 


R x - + B x 


Ry - A y + By 



(153) 










da\->£j-a 3 X j^>JU £~a 4jj!jJ1j R J jIjl^II (jr^~ 

(16.3) 

R A + B 

tan 6 = 


R = p; + R:= ^(A, + B,) 2 +“m;+ fl /) 2 
^ = A r + g r 
R, 


(17.3) 


4 + B, 

18.3 JSLjJI (2r^° $a> (jr i.ttjui^Jl ^i1 CiLSjil 4^-4->JI I jl5>qJI LuSLcjj 

♦ 4-u^ju^jl j\ 4j^>JI (yCuuj. l^J 1 ^ya i j Jlc. CjL^^II cjljLil <jt L_^tj tiLt! j£lxl^ 

.sijCLol .CjLaL^oI oM3 ijr ^ 4^j_>. ^ylc. t 4_JL>Jt c_«-3ej OB^ii ii (Jr Bj 

i z *y iX d)L_t^_^ U4] B tA ^>15* ^31 4 JLj_L 3 _i bLjuI o^vCJ! AszlX^> ^j] 1 r< aj^lo 

3j^ irf'-'lll U 4 L: ^-UJLll 1 

A = A x \ + A y j + A k 


B = V + + fi )- k 


R=(A r +B jf )i+(A y +B y )j+(A, +fl, )k 


(183) 

(193) 

B,A 

(20.3) 


4 J aii^JLI 4 —jcJlU ,20.3 ibUM c 14.3 4J_iLjti,i (j_£. <. 20.3 L_*JL 1 Ji-^V 

R„ ~ A„ + B Z <>L>31 <_$ oL^wa 

■c. 4 Z * Sr * - / 


i^-jB J->.|^ij (jy iji 3^=ej>JI <Xa-u3}\ -jl£jl Jl>.! /j~& <L_>.|jl i ju^aj Ij-u. x i t.. * ~£ 1 

<. /w»a <_ i^JjJLi jJjliil 



S ij>.g xo j^jLtuj 4_%ZlU ^1 JuLs lJ - ' 4 ’ 


^i-J 4j5dXo OLa£^0 Jl^w! 1 jj 

t^! 



5 (jAjg-y~iU CjLSi^a ^c. 4 JjAj (jl dl.i5lc ) <_gjJ( La A+B—0 Ijl 



ISL y aLuj J lj tSLutSlUl - 


JiUuoJI Jifi Ol$ab£J - JiImo 

—:4_JlaJ! 3^1^.->- —3yLi_>. 4 JLj_Ls ^Jlielu^l * j ! ^ -a-“La 4b>lb>. ^£t O-i^ Ijj 

jjL^c^o jLp^L 1 $ Mjt" cjLi£jJ,! jjxi ,Jla3 J«L». ) u-t^Ui.1 dLul juvV! jLp>.l • 

I Ld£ /yj JJlc. yL^I j_uj 

. 4_!UjJJ ( _ ;r 9 <?\U*U oL^ea. ^JJ ^-L^aLxifc-J ^-*-uj ® 

^CjLj^y^iJ ^j-y>J! <LLuaj>JU oLi^y-dJ dll ^ Tr” U y, X dly^yU Jl>.jI • 

yX 

2uiiiu yljjl I■■ J VV 1 i <t ~ T-~~1 a jtjL£LjO .sLjfcjV ‘~ ^ 1 " t A 5 \j b I b. t -Tf" . ..1 ( b )<j yjL& (3^ t j] ® 

.X £y <3 5 b -»■ t, 1 4 sk-U 6 1 ajl 0 * \ *—i ll n ~> 2 4 _uujbJU 


33 Jbb» 

:_j (jblajuj .Xy (_gj~i 111U ( _ 7 Js By\ ^^">~4 I £3*^0 J^»-jl 


A = (2.0i + 2.0j) m and B =(2.0i + 4.0j) m 

• Ay —2.0m j Aj. — 2.0 m 34 <Sj-* A=A^. ^L*Ji j,i > »" H A _! *“ <11 !x-a ajjLb^j * 

14.3 dJjLtil j»ljbt!bub R 4jg.j-U ( _ r ic. 4j.na . By—- 4.0m j B x =3.0m i (JjJ,bj 

R = A + B = (2.0+2.0)i m + (2.0 - 4.0)j m 
=(4.0i - 2.0j)m 


R x = 4.0 m Ry — - 2.0 m jl 

: 16.3 4JaL*JU R jljuLo ( _ y Lx*jj 

R = Jr*+ R] = J(4.0 m) 2 + (-2.0 m) 2 = /20 m 
= 4.5 m 

: 17.3 4Jabd,l (jjs R tfb>ol JL>o b^ b^ii 

A = 2Ae - _o. 5 o 

R x 4.0 m 

e =tan : ’ (-0.5) J -27° 2uU)M a^UJl 3J5/lj 


tan 0 = 






.x (j-a 4_cLcuJI c. <?L>ol 27 ^ lx. +U L^-jj. < a a 13 i 03 ^ <LL^v^?l oj> 

dU jJj 1 + x jj->>.U syi <u.L^Jl t-jjLd-c <?L>u! -j «5I c LL 3 JI ^ jr ioju o' 4—t 1 ult 2 t!1 Sjj u*1\$ 

Q —333 4^?dijU uj^ 


4l^>i4 43 Jlia 

: 4-Jl3ILq djLvljj O^ij ^-uLj iZxS **J ^-U-UJW 

d ] = (15i + 30j+12K)cm 
d 2 =(23i + 14j+5.0K)cm 
d 3 = (-13i + 15j) cm 

. LfcjljuLo^ 4jvljVI 4 \ in-» 4 Jo-j I 

^Lai dJjLjuual ijyj iJul * 4-jjL < n.4 <L*- a Cjr^- Vju 

L=>31 <>L>o 30 cm 15 cm ill*.*.^t 4_4-ai 

-= # 

oLI .<.n_->Ji. 4 _)jLLJi ^L^>o 15 cm t 1 ^ jl. >.» jli 1 * ^ 4 ^ 12 cm ^<u i 4 J^l ,LU ^ *. ill 

: 4, 0 J or jjLtvo Cj^L ^ic jLuoi <■ L £\->u 4 _j_u£>LjJI 

R = d | + d 2 + d 3 

= (15 + 23 - 13)i cm + (30 - 14 + 15)j cm 
+ (12 - 5.0 + 0)K cm 
= (25i + 31j + 7.0K) cm 


R z =7.0cm ,R y =31cm ,R x =25cm ol4^ t$J 2 l»uL 1 I ^IjVI 


i^£ ^ l./-uj La»j I jJL^ 

R = {rI^K+ 

= -J(25 cm ) 2 + (31 cm ) 2 + (7.0 cm ) 2 = 40 cm 


53JH« 

. L^jjL-j-u /y» ujjJL>Ji 4^>- 25.0km ^ 24L L ^il - >-j 4JL>.j d»i 
4-jjlj ^i>nj <?L>ol 40.0 km Cdlioa ^JLoJI Ur-^3 • O-j-t-a-lJ 1^: * (jr^i C Iaj lA jj CLlJlSj 


L SL yaLu UjIj ISLulSLdl - JjVujaJt) 


4-^Ij] ei>\ i^j^a Cx^- (<0 4 jLJlH ^vajL>- (Tower) 1 i 4 c,‘A ,ni'i! 4 i-ifl t juc ( 3 j —Cu ^JLc-ioj 60.0 

•fjj J^ cr^ 4-^3-illi I 

Ojl -t ( <J1 ^ Ju£fcJL_u_}J 1 Bj A _j ^-Jl 4_>»ljVI 4_j5tZLx ^Jj Uj-*j x i 

j! jJLa I 4 ] A 4j>»ljVi . ] 9.3 4 Li-lI 1 CjI garilXI ^ylc Lijjj id)Lul J-ual 4 1~> 2 X 

4jLX^-a 8.3 4JjLl 1I jjjj .X ySljL^-^U ^^JLI jAx-1 45.0° oUJIj 25.0 km 

A x = A cos(-45.0°) = (25.0km)(0.707) = 17.7 km 

A y = A sin(-45.0°) = -(25.0kmX0.707) = -17.7 km 

SjLuij . nl i y ^Lj>o5?I ys t~i i~i a 4$5?t _til ^3 5 11 1 i A y 2 4 _ 2 l 1^21 Sji—Ju5?l —Ajj 

60.0 iijlj * i w \:ij 40.0km R 4 _ul 5 Jt 4 _>.!j 5 ?l jt * ^ . 19.3 JSLaH LUaj) A y j A x 

1 ^ i" -afl . ) 2 l T 1 1 A 2 i 1 1 4_i>- 12 

B X =B cos 60.0° = (40.0km)(0.500) = 20.0 km 

By =B sin 60.0° = (40.0km)(0.866) = 34.6 km 

o*X>-y 2J5?Ju R 2 ' v \. j i » i . 1 $~2>. j iJU^ R 4^2j5?l 41 < .-* **■. a lJ y.Cr^- ( 6 ) 

: 15.3 4 J 4 L 1 I.L 1 ( _ r laju cjLiSjjs 1*1 R — A f B clLvjJJ 4_>uL 2I 4^>.ljyt 1 4^)1 

R X =A X + B x = 17.7km+20.0km= 37.7 km 

Ry = Ay + By =- 17.7km+34.6km= 16.9 km 

225?ju 4 j!52l 4_»-lj5?l (jl nj 

: uU?^4J 

R=(37.7i+16.9j)km 
.<uKJI <Ls2j5M oUJlj _>Ij 2 L» ijyc. :£>J 
x(km> 221 (JLj_22t 24.1 , -41.3km : 

. Sjl jm21 £ys 



R=A+B 4^111^ 193JS^4! 





Juarttl 





j — ,j2rt ~j «j-uaVl 4.1^ a\ j^a BjjLIo 1 Ji— j 3 203 UfcJl 
j-j- U j , B 4JjjlU A 4JbjJ.1 ^Jl Vjl 

.C 2UbjJLl ^Ji 

R x =a x +b x +c x =152 km- 52.3 km-195 km 
= -95.3km 

R y =a y +b y +c y =87.5km+14.4km+0 
- 232 km 

SjjvjJ! 4^L« 

R = (-95.3i + 232j) km 

fjjl\ _ 1 * 3 jJl bw lmJ Sj-jLLaJI (jl (jr UC 4 J 

95.3 Vjl a t-» a i C 4 _ujlL! 

232km ^3 t—ij _*Jt al >q km 

.jLuiJl 

R oUolj jljJLa Ju>-jl * 

22.3°, 251 km *JaJ1 


jjAa j Uut j 63 Jliu 

(J.Cjlt II jl_uJLI 6j3 \ laJI j_i-Lj 

^Ua-i (J.US I I SjjUaJI j j U~ ( Vjl.3.20 
175 <LaLui->3 jjljj *A 4_bjJ.U oLuljo.^/1 
LiUj juuj JU All 30.0° dUui ^ km 

l.^i.o 20.0 4 j^!^-i 153 km 4Js 1 uo j.2-*>; 
125 km j. t-w !j . B 4«ujJU 3 tW\ iJ7 iL>. 

I. C AujJU <>L^o 

.jJjudVI 4_La3JJ A k i it <IL> C 

4.1a.^,l t t CjLuI jLu3t5 (jl c-^i-uLlU jya 1 I 

J!>L £>X oj~> 20.3 JSLAJi 

.(J,< ui . l I y (Jjj-wtli 

4—j_si—*Jll! Ci5k_o]| CjLi-^^J.1 j- l jTu.) Lie.3 

.c j b i3 cjl^jac-tiLj 

1175 km jIjuLq l^J 

-a cos(30.0°)=(l 75km)(0.866)=152 km 

a y =a sin(30.0°)=( 175km)(0.500)-87.5 km 

1 gS'i 153 km Ujt j G.A ^uii b 

b x =b cos (110X153km)(-0.342)=52.3 km 

b =b sin(l 10°)=(153km)(0.940)=144 km 

L$lj 195 km Uji, x.a.a C 4_*43^l jj—L-S-ij 

Cry^>0 

C x = Ccos( 180X195km)(-l)=-195 km 
C y =C sin (180°)= 0 

4 U 7t 1 (j-o R £-ub^_U 4. ?r.. "_.o oi_tiUjJj 

Lj-4 C 4JjJlM (jyil 4jijuJi 





R = A 4* B 




. ^A-LuaVl iy-A 3 Jui LiL) CjL^ cHll ^-cjw (b) . Cxlai .1 4 _ajjJaj CjL^se-J .1 £- 4 ^>- (*0 213 

SUMMARY |^ilo 

3^ju 4.^ j*- _ l l. i Cj L l cS J I j . <?L^>oL} 4 j ^ - a j- -'- ■ „ W^ j! JiJLa L$J ^3 i Lilij 4-uj/Lx3 i CjI—L4^J I 

3 Ai »-“i i </ L 13 Lu B j A ^yv^qelJLl j-4-a. * jl J-3.1 (j-' 3 (J-^ 5 

R= A+ B £.3131 4_%3U *(213 & c33,i 4 3 jjJo ^ji 3j_cliJ c33J 4_2 j^1d Lq] 

^3j j-a R (213 b JSLjJ!) ^yUCoVi ^ji^-3-o 4_3 j^-L^ • B qm 1j <_3j A 3^-* O-' 3 l 

^! J-5cJL*_uIj tO l ^ y" U £j-La3 $\ -ji *-3o3_4uJj . 4_C.yL3o! B *A 4_u3 

t 4 _oLla] i i 

U3 ^ 1 1 q jJ I ^3 x jj_r>3,l ' J 3 i - A iln3 1 xi a ^jLcuj A^ j x ^L>oi A 4_^-3,t t ^—^ t j- A 

< .!-> 3 < n 4 A 4 - ^- loa .U **A * y ^1 jcvV! ^L>ol 43 ^ 11 j . A^. — A cos 6 c a> 223 3^ J_ “^ (_£a/j 

^5 ,^31 4 -j3J3U JljjJl (jg j <3 ^ 3^3 —i_aj d_L}| j^L 3 . = A sin 0 c<j ^ *y t^A * 1 ^ 

9 

4^.L31 i_jj 1 - 3 c oL>i_il ( j_aic 4_jjljJ cJjJlit-4 3 i4 ~*. > 0 LoJ ulc. 4 o-oL>- ^-j *;>- (_3* L^-4jJticuj 

<?L>oi ijy a A^ 4 £jX\j x <>L>ol A x 4jl£^JU 4J A 4jx_ 31 (jl^ i3 

3jj u3i (j\ $ ^e-lll 3 J >.j 4 _lV JL) 4— Jse_ 3 J £}£• J - J .* * ■‘‘ ^ (J ^ ^ J y 

A->ui 4_5 c_j_U 3jl^-j i 4_*_xju31 i>J-A A— A x 1+ A^ J 
y i?L>ol ^3 4 j>" «U 3 j^*.j j cy3 

. I i 1 = i j 1 = 1 oh ^tl j j i uVi 

^jj ol^clU 3^” jJaiscJu ji 6 4 . 1 . <^i . -^ a ^L?c-jj j^AalU-iU 

*X oL^Liai ^><a >~j iy o L>oi x i>L>ot 

.gjLJI 4_rtjU.i j 1 Jl3 4 jLrejV L3 - t 4 4j ^ I ru ^ J - Zz -t. t tL > lLU^ «Xaj_^ 

^Ijl^^U 4 *.< *1 * 1L? ^jl3! 4_j5cail 1 £ajju*J ijr^^ 1^3 < n ) J 

% 4 i / „ LLc 4 <~i l~i a 3^-5"^ ^ *X3t-i-«_u Ij X ^ y . M « u 1 i 


y 



j A^ (j \ $ ■>: ~ 4 ^ 4 - -> > 223 35L^Jt 
A^ (j! ilaJvV .A 4_5 c_!L^5 A^, 

‘Ac u! £ **-•*> Ay = Ay j 3 = A x i 
. A 4j5fclii luu!^4 Lo-A A y 






iCiIUi)) ^aaS\ 


:(Tn) 


QUESTIONS Kttitil 


4- a i - 4_sr "II 


L a -fll a |j1j 


1 L>& _ 6 

• udli y iii.^ S4_lILi_u 

■* <jj£2 ^yJL U^o ^1 -7 
:l*U j 


—dxjVl t^adsc >JI *5^1^—>JI 4—:>.jX (Sj—dil 

S^jojlI I * 4x.^_,3 I 

j j ,' Cji $ se_j alJ <— S^yJa (_$1 0->o -8 


(j_j£Li <ji xy ^J )~< mi l ^ j-aj ^^III 4j^_a—uaJl 

* <= 

Sjijuill 4jjL<'<a CaL5j_a ijxlj Ladlx l^j 

4- 5 4_*_j_a 4 _j_jjJ£ £_a-»- (^SLa-l! (j^a JjS* j 9| 

. t £ 11 S ^ i it A S< 1 i i /<! (A 


(J&-4-* (Ja • ^jLcuILo j-±£- Lq-AjI JuLo (jl Qrr ~ g — 1 
. <±U j j m i ^ *»I Liu 1 <v^*. ft **• ^ l 

t u->- (1)^^ 0^ “2 

. S<Lc^l^2.I, I 4Jsl <aJ.1 

j A= 5 units j-A B j A ^ >■ "ill jIjl n * -3 
jij^o j Xl jl^jI .B= 2 units 

. R“ A+ B ^iLlll 4 j%ILqJIJ ^j£Lc>j 
L^s .Xy ijj ,~L ...1,1 ^ £-2j A 4_ae ~,U [~4] 

4LoK (JJ& Cr^ ^ CjLaL^jVI 

CjljLtil 4.Cti (j£l 

Sc 

B 4jacxU aL>ol {j7 ± A 4jstiU 4g£j-A C-ul£ Ijl —5 

^ "X <11 A ^-JjLCiuJ 131-4 l 1 JJ1X& Lt.uJ 




PROBLEMS (jplL^Ko) 


. jjij-U ^ Jal£ Ja>Ji - n {4 in i u (y.LA {J_iL-U-a — 3 <2 <1 

http:// www. sanunderscollege. corn/ physics/ = WEB 

4-.tlc.Laj *L3 _i3 — JjLJ, 1 <jr 3 , ^<7 4 c 11 »L>J t = 55l 


^,4 4ii iI 4jy_u^£L!l CjLuI JUx^fl CijLS’ (x! —3 
(r, 30 ) ( _ 7 ji l-^J 4j_iVidll cjLuIjl>.VIj (2, y) 

• r , y<j^ 

oLu!j_5.J 1 « ^1 _<-u—« (ji-j_U a'l —4 

Oryc .(3.8m, 120°) j(2.5m, 30°) 5 , ,U4 
.iyA~Urti II 4 jy_u^SL3l cjLu1ju>.VI (a) 
5U^Lu 4^1 mil (b) 

L«_& (x,y) 4_ij_laiJi CjLuIJ l_>.^?! l!uL£ Ijl—5 


r - jj _& 4-La. 


uZ)Lcjl JL>.J 4t 13 n.rttt 

WEB 

3 4 -i-i_LaSjl CjLuI Jl->-VI 11 | 

VI ^Jk 1 _^ e = 240 J 5.5 m 

5d b. 7t ftl djL^J 4xy_jJ^£2l 

CjL-ljI jLd>-l l a-^l Xy ~ mil (jjz (jl ~ Laa'i —2 
.(-3.0, 3.0) m J (2.0, -4.0) m 

(b) j (j-G-ladill ^yol-A (ju 4_al mil (a) iy^c- 
.4j ilailll I a^~<j~il Jl>.1 






—ail (b). A+B (_ T jfcL>o^n n ->3.1 (a.) 

.A-B ^UoVI 


tSLwLukAlIj ISLulSLi) * J^Vl zJjzJi) cUj-usJi 


3.54_31 —i.ii— Q t4 _u laK — 10 

Jl—^—<i3i 30.0 8.2 fu 1 .uj) m 

<?Uo 15.0°m ^ 

4jK. 1 I 4_>-ijV1 4-^eILfl j] 4 _j_}Lj_J 1 cL^jjJcsJi 

.uKU 

4j>*HI< L>J d l ljL^ 4 4.3ft mSB 


^jl o will 4 0 ' -v 25.0 4jal_)_! 


u-4 .i 


11 


,3.10km ialuJ. 

<>i - (J1- 4- Lit _ >U ^JUXA^ o' +^?+ 

,^-ua^JLl i na t (^J! <<-m! Li t 

L*jl j_5_a z, y , x oLijJU -dJ B <t - > ~. <» -12 
<. /j u •* -! t^ic. 3 jl_5._j 3.0,6.0,4.0 

j-a B L_$_L!j_plj B jl j_3_o 

.cAAIjoAll jjLe^a 

Ojlji a a Xy mU (jjjs 4-jvljJ £_aj— 13 

x^ljL^.'i’l 120° 4-^0^ 5.0m 

4_a_ill !j_*J y,x (jl.3 i <jJ.I jlj>-j! 

. SJVjaJ 4j<H,t {j£. 

oLdjl CjMj 31 ‘s~i ~*-a aL>o(j jl . 1 a a Jl>.jI — 14 
<(3.0 , 2.0 )m ^ x 3 y J& 1. ^ 1 u < ^ 
.(6.0, 1.0)mj (-5.0,3.0)m 


B=-i-4j <u=Ldlj A=3i-2j ^41 14J [l5 

IA+BI (c) < A-B (b) < A+B (a) ...... 

IA-BI (d) 

• A-B oL>olj A+B «L>ul (e) 


da_Li! 4, j _< L 311 cjLuI J-3.5H q\ _c. (r ,6 ) 

( -2x , -2 y ) (b) .(-jc , y) (a) 

.(3x, -3y ) (c)j 

A^UaII ljLc^ & Ij A^tTd l u)L»S d t 2.3 p '«3ti 

2j l^dU1 j±r jjAXi 3.3 (0 mrtttj 

(j_< ‘—ij . 11 al—>o 200km s^dLL j _xLa3 —6 

300km \ jtVi ^3 B 4JujJLl ^1 A4_ujdl 
BiuJuLl !^ya ^^Jdt (J1 a .~ill 30 <>L>d! 
4 jjjd! Zys C 4_bj<_U .l.» p ^ (a) C 4jujd! 
<>L>oi La (b) . (^a_< a 7i III a <li + (^4) A 
. A 4JjJual] 4 lj . u . iJ L) C 43jJl11 

6.0km 4—al.ifi a 4_j_aJL£ (jjL. i^*-0 ‘ *b L -7 
.^Jl—a—Lll 4—^—>. 13.0km ^3j <"< 11 3_^—> 

jtjLi^a Jcs-jj 4 _uL_l! 1 4_2j^laJl ■>'■ l +~ aali 
.j^jLil 4o-lj51i ‘XxZla tfL>ulj 

A A. 1 r 1 at! t *ys S^jLL j lLj —8 

Jt a All 20.0° oL^il Js 280km Ljl_JL 

(_jJl ) J 1a 1 1 gJLlj-a->- dal 3 i ill Juuj . IJ ^kj^uA\ 

190km 4_al..i.< a i • B 3 ^ ,t l 

(j_a —iii Ji—a—All 30.0° Lajjij ^LLij 

. 1 

dy3 ^UvjVIj 4_al_i_uJU LijLjj (jAil. 

CjL l l v j 8.0 jl, i a U <U A 4 -r ~<U -9 
4^_!mj X J+L>-V1 45.0 4 jjIj 

^lc. 4_^JLoj 8.0 4J 1 is~ij 1 B 

^1 Jl hr 7< .X jj-Jr ^11 

4_uLi_l]I 4_5j^LaJI 



>tt nZJltJI Jn-witl 


WEB 


P20.3J< 4^e_ u3j_o i"il <3 y " ° oMj | 20 

_9 iBI =(40 IAI =(20 c<j ->■. 

(a) ji^jl.lCI =(30 3 jl^j) 

4 jtX. ^ j 4 _Lua—>Jt! 4 _ 5 e-Jll y tX a\ x)! 

<jLxjlj jIjiJLa (b) J (SjuxjJI 4_a-"i<t 


} 


B 



P 20.3 JsiuJi 

* A = (6.0i - 8.0j) units <ji_£ |jt -21 

C=(26.0i+19.0j) units <B= (- 8 i+ 3j) units 
aA+bB+C=0 bt& crui 


ol ^ •>• "tl, ciLii^II 4_JV ju Ij, j t aj J—>-jl 
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(3.) 4 j j In n 11 ol_ul JLz>-VI L$J ^1 £_-uo^i>! 

22 (c) 60° ,3.3cm (b) 150° , 12.8 m 

215% in 


, A-(3i+3j)m 4_>.ljVI cj! ^ »“ a —17 
fci-uib . C=(-2i+5j)m _$ B=(i-4j)m 

t?l—:>olj jlj-JL-a (a) CjI— xSjl\ 4>JLjj_Ls 

aL-^olJ jl, i a a (b) J D—A+B+C 4 ~r nil 

.E-AB+C 

5.0 uTi/i 1BiA —18 

(^Ac<6.0j 4j3cJiil BjA taps 

.B j A (y \.j 4jjI^JI 

A=(3i-4j+4k)m 4 -^ijV! ol^ *U^L>-19 
cj\ $ y ill jIjlJL* t B={2i+3j-7k)3 
{jc. Lt-^u! D=2A-Bj C=A+B (a) 

.zjy,x ^ oL£>_U 4JVju J£ 




(5Lj)l>jfcJI ISLmLujJIj ISLulSLUl 


ANSWERS TO QUICK QUIZZES Ol;lui2l KiUI 


jJX\ JrtjJL JLu^VI 3Jb^JJl £ 


(1.3) 


* (3.3) 

^j^Jl 4—sr “i 11 . £ rt ft >o 

O — 4 u — 4 J>—uj - 5 £ <t* T 2 3 

.£jj(jAJtLuall 

A 4-stHli j!j _lx .V (4.3) 

cJl-£ Ijl idJjJj. Ja 2 + A 2 y + A] 

k£jJ3_J j, Lt.ijV 4j l_i 

4 A ^)t 

• A— B ^ji Uj. i Vi A+B—0 4 2 l j 2 . r>Jl (5.3) 

cjljLtiL) >~‘l t oLi£^- 4 ij^Su ciliUj 
: 4j^l-i.uXa j <Uillie_x 

■ A Z = ~ B l 3 A y = ~ B y ,/4 x = ~ B x 


i>L>oi LfcJUUJ Oj J L V < 1 

OLc^kll ^j_4 i JlAJ .^_liaj <jl 

CjL_uI J—>-Vi 1 ^ jin tl 1 In j i^n IL? (JJ-& 

4 Ini i 4 .. jt ->J 1 ^j! LLLLi 4—_t— jJaaJ \ 

.Ju*Vl 

j—^Li i_xJu£. A+Bjijl_Hi 1-4-1 4 Urn . c kII (2.3) 

4 nr ,7J3 . B 4_n- 7 11 0 !_>*_> i A 4— n c- ~ U 

A 4_>- ~<U -L--v Lj 1_xJ lIc. A+B—0 


*A~B $ B 4_nc_i I> \ ol_>ul q . i \\ c , 





■'-**- 

hri** ♦ 


1 ^. a. 1 xr ~i i i~i SjjLLaJl oJJb 

(jjji jl-i'l NASA Lu,Uil 


\ jlVl l_4jj£. 


j .i c. IJU_i 

. £ _ T lc.l Jj <t t-d l J< i m i 

j _-ul. 'll ! j_4> _ ujJ 1_a 

(NASA) 


web 


4_ui_i£ d)LajJ_*_U ^yx> Jj^Jl 

^5 3^-jLLiJl £jJb ^,1J —be _ j. _ lm\ 

http://imocc. imoc- com/ 
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Jjlil frtt 

Motion in Two Dimensions 


&))) c5^3 

4 

x 1I JL& q «|iA*tJij 


WUialiD iUjjUJl AS>JI 4.4 
Uniform Circular Motion 

2bAL sjJI j 4._iuA»lt (^jLuall) AL>ia 1( 5.4 
Tangential and Radial Acceleration 

4 j >m *itl 4. l god1j 4 j > m <t1 A&jjmS 1 6.4 
_Relative Velocity and Relative Acceleration 


fjl.ultlj 4^*>» <11 ACjjjJI <4^ljVI Ljlg~> (4 1.4 
The Displacement, Velocity, and Ac¬ 
celeration Vectors 

m“tj jjj Jju 2.4 

Two- Dimensional Motion With Constant 
Acceleration 

*~<i j 3.4 

Projectile Motion 




1 iSLt^LujJtj ISLufcxll - J'jVt 4 .0 


4_£j_>J t oLlu_uLu I 42j_juoj .(j-J J_*j ^^2 4j_ll_U < n y^\ iSL* aLuJU ^u-^j oJt I j-A 

jU^Vi <$Sj->- l j r a !j_lj ^yA 4_aL kja 1 —4JL>>}Lii jj ft!l 4_JjJU LlJ j» c .4 < -a- i <-2j-^ 

4Jt-ulaJl 4_*^tj2 ^2 (JuU . pIVi r 4 CiUj^pSLJVi 4 £^jv ^1 L^jIjI J^-a <^^2 4^Lu£uili 

i Jul j .><J 1 LLlS 1 a .£_<_« i ,ss A i < gjLwuJij t4x,^.iu.]l £4^>.I^^L! 4 j - & L>oV 1 

. 4j^LitJ I CjLj-oSLII 4 ■■*-«.■» Lm^fi oLjj^JulI! Aj5 ^>jJuu ^2 a^JJ 4 .tfLll gjXH O^jLaJL! i Lj. H f «i i 

.{jrjJ-xj -^yS 4_£^-5eJJ 4 _u^L>. CjVLj*^ 4 .gJ^uJU 4 j^j1jJ! 4_£j_>J1j CjL^jJl-^ 11 4_^^_rs- j_-a ^J-aLt-jj u_2j_i-uj 
jLli-uVI ^-LdI J —u o 1 jJ 1 (j_iu_i2_5 I jLl (jr^^ 4 j_i_<.m i 1' 4_£y^Jl ^- J -4 >1 >3 l u rt\ I <_)i-SLij <—3j—4*J 

. La jQu-axJ 4jaioit>5 £yL_uJ Cj^yLjacX.^ tCjLc.^-j-u^ tdlL>-ljj 4 4 L s k! 1 

t-j l ^ ^ 4 4 \ ^ 1A 

THE DISPLACEMENT, VELOCITY, AND ACCELERATION VECTORS 

4_*_2yc q[£ lil LaL<u 42j^jua (j_^3 ^.j,a"i.tu.ja vl^-x iJ7 ^ ^j. m.Ty 4_^j_jv. £)! 2 j t&. dll <_y2 U Jul! 

./yayjl ^ 4_1! <-2j-*-a 

4_^ILd 4 L t ftl^j <<»■>. s i 'iur)^i !Jl_uj *Xy “ <<tll ,_y2 4_£y5tU dll oJJt JLgj Lt£. J 

yJt Lg£ Xy ^jJu-oll ^.2 «ii^JI ^JJ La CjLuijLJ^j 4 x.j-o->LL ^J-uo! 4 Li ?3 ,^ya IJ i T 4 

. (^H^4_Ln.a-J I jJx. Q tj O^j (A) 4 l-i £?l! I JlLc. ^ j < u-~><i I q t^ 1 J-tC. . 1.4 jJSLojJ! ^2 

(A}^x a« il j v JI cil^-asTu LaJ_uZ. . I aJ m4 1 L^v (^} (jr^| (^A)/y3 jL-ai,! 0^ Lh 0 

i2 1 o. Fy r ? - 4 a .lt><L sr "i.A j. i A~i) t A t — tj - t- 4-tLaj 6jJj-£> ^2 (5)^]l 

<—2>-*J . (^1 jLb^fl 4 * 4>>j_aj ^L^UI 4 x.ursyz 4 u >J1 4»r>.ljj (J3^j 4_^eILa 4_>.|jVi 

<L*-jud^-a 4_5cJL aj 4 * <L3cJLa (J/U ill 4 jI ^ylr, 1.4 ^^2 <<i i*m >J Ar 4^seJiii 4-jv|jl 

:^|jLbVI 


Ar = r. 


r i 


43-IjVI 4^cILa 


(1.4) 



r 4_?eJillj xy ^$~j) \. <-u.lt ^u3^-a (j^utj 1*4 

i— ajSc. til ->Ji ^ j III ->J1 l LcoV 1 <tla_<u f j) 


.Ar= fj- - r ; 4^ii! 


42 I i-JL l {_yA jJSi Ar 4 a j. 4 jJSLjJ! \Sj-* L^j • 1.4 4-JI j l a ! u.^ Ar ^L>.j! 

. jLi-u.ll ^ ^ rrjt a ^_iC 4 .u. j >iH 


(S) ' 




^yJkXau i (J thrift 


4_>.ljVi 4__l_*_uJ ^Jj jlaI Hj 4_^JI JljJ_j>o l_<a_jl_S JLa aU (jj^L *2 ^^,3 Ljl_i 1>LA) i n *\j 

j l) ^ Jljl. J I 1 < nl ^3 ^ x~If J£j • <?JU 4 > 03 J^>- L^jLijI t _ JT IlJi 4 _j_uqjJI BjILaJi ^if. <La j i uTt a 

i j_4 ^?Ja iliLff Ill ^jVI ~ m.) LLI Ijul J^>- i jJI Jl-*_J 1 LLmI <a La 5> ^3 1 <a *s 4 t.u 33 j_& (_}L_*_j! — Cj^Ij 

. 4£j_>J 1 i?L>ul t ^>£. j.t t*~iU ji Julj CjIjLAjV! ^1 jV< i <f 1 

9 

t^ic. <L>qj ±ji2. a nt ->11 4_>JjVl L^jI i _ r Ll At 4_lLqj 3^3_9 c.Lj i ^_j_uj_aJ 4ln u<j3U, I 4^j. mil e3jjuj 

: <LlLqjJ \ 3®uiJI 

Ar 


v = 


At 


(24) 4 lamjUJl. 1 4^Lj_ixJi 


. 4_&L>ui ^y .*_tJj (4_?tllll > Li 34 jpju 4_u_aLi3 4 _l^L 4^_5eXo 4_t_<ifs 4_4_i-u3 j i ^j! eJSjjjdLl 

4 t pgf> 4_La_i_u^lll 4_Cj_tjJI /)! ^JlxLtxU t 4_pi_uL_3 4 _p< ^ 4 _jJ_<gjJ 1 3ja_dJ!j 4 g jeg a 4 j ^ isr^ IjVI (J t 

.Ar jrtJ 4pe33 4_^jatILQ 

4 LmjaJU 4-Cj. i iJ1 (jt *h^-V 

(jA,$ peJdi j x_Ja j_c ^.l e ■, L 3 4 „l *3 < jr Aj 4 _>JjV! j --4 l_j_^uLuj 4 la i »j 3 lM 4 _c.jj_aJI 

|JU iiil 4^1 g*i il xm. ) t Jl_>.|j Jl_*_i 4jbj_>J! ^3 1 <1* 4 l 4 fij . 3j_a»m jl .xuiU ^IjlJIjVI 

4j^L_u_a 4X^^ij3i,t 4^ij_i_ajl (j^^j tjL-o^o (^1 4 In < .iljj 4_Lx3Jtj( ^>JlA ^1 L* 4 U tr > 4^j_>JI ^uu-o^Jt 

. IjMli^O 4i>.|^| LO> 4l>.^Ji i>J^J 

LqJ^ .2.4 jJSLtiJ! ^3 ^jb 1 o fC txy < a^U ( _ r 3 ^iHiaau ^j 1 *<■>• 4_£^jv j 13r.j CyAj 

2 a_>. Qjb 4 _>.ljVi ^>L>oi pj^- 3 lu tL 3 ^_i_jua I Li)Jwuaj_i ^liJi 4 ^^til 4 .u.ajJI 3 ^luaJI i 

J..'lC. jL.11 4.U 


\v iljifedtiou 1 ^ 



‘XlC.yu ^/CiL. 3 j (j\-> ^IJ. /.ii-V LsJLu2 . 2.4 

^-. T; Loa ir.j .Ar 4_a.ljVl 4-JC-x a <>L>of 4jo t njJ-Ll 

^_ljU ^3 (b} " (b)’ ^1 (b) yA jl_i*i xtii 4ji_4lli 4 L3) 

j_i_uol L $1 2 jI^LU 4_xL«jJI cjfjJLfl-itj 4-JL~L.ilI oL>-ijVf 
Ar.® ■ya 4_At ^ ill 4 L 3 iti i— jj3_3j 4jL^JJI t _p3j .^pLloL3 
^jo/La-H Jaa- ( j>5 Ar uL^jl c_>j ~ fljj tj_3, <^aJl i__sj_j_33 
4 aL-^ni 4_c.j^^ll l) 5^3 eJu^—*_xll *(5) 

.^uL^i iIaa. dL>oi <J7 3 {a) 4o^. 



tSO»LuJ4lj K.jil^jtl - JjVtfjjeJI) *Lij-uiJl 


At (JjJj LaJlO. Ar/ At 4 U . „y< 11 4x- ^, ...I I 4_il^j L^jU 4u.th->JJI Acquit I i_£jJUj 

,. Ar dr 

vs lim — = — (3.4) 4_Jo*AJI 4^>aJ! 

a/^o At dt 

4_^i_a !?Lp<jl .jjjojJJ 4 1 m ilL jOajJU 4 -a- " a ^jtaVJu >_gal 1 .n 4 _i ■*•'!! 4-g.j m il (jl £ _ r ii4J 

4Axiox!l cdlj ju^. jl ■ -■ aI t AaO 4 L>*jI jJb ^ ..<• ->.tl jt ■ ■■ a 41 if. 4_4o?tlll 4 jc^^uJ! 

.(3.4 J1AJI) 4S>JI oUAI 


3.4 JSLiJt 

4 p- " a . (B 


u41 ( a ) (>■ 

. V j ^^11 V j ^j- 10 4 1 r 
4_?c-lll ^ 4j j _ l 1 (jr li2.! 4jr s Cjl^ejjili ^UJ! 

. 4-xjL^xJIj 4_ol 4 jOjm-u-J! (j-A Av 



. 4.i^L ^cJju U£ i^r&J 4-C.^-i-uJLj 1? — Ivl 4_c.j_»_aJI 4_5 e~Lo <Lm3 

JolC. \ i i jji 4_Jix^ejLn 4_?eJia l La jL« a ^lc V 4 L-> ^ \ /ys u > UjJJLcj 

. ^ <wi-a-> J1 4i.orr. Lni ejjjA ^_uu 1 4 > daLLll <?Juk .1 ir 4x.j. mil ♦ tj jLc Vj 

£-ud^-a ^yn i_dj_se_IL> LajLc p j m >J (^jLuLLII) 4-L>vJl)I 

* t 

: j j«*il l Ijui <LxSt O l jLJ te J (_£ jJI At (j^jjl (4^ ^ ■ ■• t » a Av 4 jtA-»-ltl 4£.^_uJI 4psOa i y j j« 4 1 L(ALj 

Av 
At 


a s L. 


h ~ h 


(4.4) 


4 - i <i‘s 3 i (^-j l i nt 1 1) 4l J »t! l jjl it i u i 4 i i »Li 4 ; ^ a Av5^ 4j^o^ 4 J i »‘ j L^jt j 

iALiIo) 4U<iil^j Av jLjcjI (jS-a J 3.4 J ^ 4jj jl A a J A L_«^J . Av 4l_>oi 4 ^ ^~I xa 

Av = Vy - v- (JujjOJI ;jl c^p. «v^ 4pa<i ^Jl (v- OL) -v- 

1 ^jl 1 *a-r ^jl Jlj-oXI jpa .4 M"( V a 4_Ooj *tJul ^ i tn >J 4 U , ,.jj~ 11 4l-» «tl jujt-ti Lo, 1 I xla 

' a ( ^t\^.ll l 4-^ji....tl^ 4_4a4tJJI 


.jjiAtzt Jl (^yj] At (JjJj 1 4.1 *i4 Av / A/ 4 ■... ft I *Lg_l 3 L^jLi 4 . iti (^LuAJI) 41 •> . * t i 

Av _ dv 
dt 


a s lim 
At-*0 At 


(5.4) 4LWjl4i~JI 


.(jjajU 4^„. i,; TLi 4£.^xxJ1 4j*Oq (JOsLaj ^^Ltou 4 . t^. -*■ It I 4l'*’»ll 


j-AO L4>JI ^L_Lu Lajur. CjJl>u (jl 4-Ali.->J.t oij-LLll j i<i) ^jl ^4-U £_y& 3*5 


(m) 






((3) 


J-Lt u Ujj t LuIj .( JL*_J1 JiL>-1 ^£j->- ) n"< xmj& 4a_>. ( jr 3 4^_>J! JXo £-0 4_Cy. ^Jl jl jJLo 

— jL.iIl U£ tLblj 4x.j_«-uJi jl. in js (Jia jJ ^To- (jga^JI «tc.^cuJl 4 ^_ILcj oL>ol 

. [jLA icj-uji 4_5 cHa $L>w*ij jljJLo ij^a <J£ LcJj i . (jjt-Ji <Lul_u 


6j$y. t J-* (a) accelerator SjLi < <41 (jjj»uJI 4_uu1jj ( jr o_t*u 

S M-Pcjl^i ^ (^) ^ cU^LstJua LAjI C iC . 1 (j^-4^ 3jLu_uJl (jr ^ 

CuLj qLluJj y 2.4 

TWO-DIMENSIONAL MOTION WITH CONSTANT ACCELERATION 

• dLaoVij jIjLaII L^jLuI 43jIj (^jLuili!) 4lae_*Ji JL3 ^Juu ( _ r 5 ^-Cuu Lr.Ji 

3jj) 1 s\) I ^Ic XV ^ 1 1.1 ^ j t g^J ^uajJU <L?tuLa <L}Lj£ 

r = x i + yj (6.4) 

4_^_ILc ^ j -ua I l3jj .OjIj J j I (JJLaJ Lg-Lu ^_a_<_a_>JI tiJ^jse_IL> La Jlic. £-a Tjt y t X j^xjUu 

t 

{jUr» ^iJlj 6.4 j 3.4 (J-CcLLlU i yA ^-u_aj>Ji J^ua_>Jl ^^Lqj Co j) 1 < 4 j-ua^JU 

\-v x i+v y ] (7.4) 

*= 

. \ tl ajl ^13 j «^jo i<Gjlj 3 LLLaja^l Luj 

U ^- = 4^_U yj X ^/CoSy-^.!! LC i 3L^Jg^L! I CjVj\jl>q jj^gglaj LiitfLcJ iHJ jJj 

^^ic. (JgAstJ 4 ? (j-^J JLc. Ajjl^lll (j^g*gl 7.4 4j_iL*JU — 1) •+ J 

Vy = (^.w + « x /)i + + a/) j 

= (ty + v yi )) + (a x i + a y j)t 

(j^l J& 4jlj^ a^^cJI AjsOo Vy = v ; + a/ (8.4) 

V ; tLulaliV! A^elLo ^jL^u t ^jinxl «Lrt_ujJI dJJt {Jju 

.LloliJI rjl./.i"<il t 4 11 ,i~i^ 1,1 Ht 4u^Lud^ft *X£.j-uj}\j 


: ( _ y A CxjIj ^jLmTo ^.u■!->J y j x cjLuIjl>.VI ut >-3 >j> 4 11.2 4jjL»J,i [JiliLij 

1 2 
-aj 
2 


1 2 

I, = X + v^t + —a r t 

J f A1 /> A 


y f = » + v xi ? + 0 


1 j r ic 6.4 4J^UI gtaull <\C- jjiaj^AgJUj 
Tf = (x, + tv + + (>', + v yi t + ~a v f 2 )j 

1 , 

= (xj + y,j) + (u xi i + Vyii )t + ~(a x l + a y ])t 


IS-loLujJIj I SL u i S L dl - *Uj-ui)t 


^ r — r + v ? + —at 2 (9.4) 

J 1 ' 2 

4_c^ . . ni l qjz 1 4 \-t £'j-4-‘?c-a 4_j>- " a Al* = r <—fj (jl 4jjt_*J.I 0-L& 

. pj I M^U ^ fc." i t I [.< ttl ! j ^yA 4j>ljLJI - at pj I M'rU 4_|jtjaj7M 

. 9.4 j 8.4 (j-c4-4 t oil J/.4.II 4.4 (JSLgJI (jyn 

<» ^1 1 (j! 4i Lijj (j-u xi . 4.4a jj^viiiH r- = 0 Jfv «~it1 yr^ >« ■ >4 1 j 

4-a^-*4 a ji v^- «Uol ijr s {jefi ,liV rj <ji 4.4a 4^ ^ 4 V . t = ij —0 xic 4 jSc. 

v^ 4.4 b JSL^Jl i yA 1 1 < 1 . „T1 . 4 q ■>■ " & cjl_£^i_ c. yyjt dil_j_^£lll -A 

• oLsoVI L yJu ^ ^LjjSoV r^- _j \j (ji Jo^V .a jl v ; - aLsol ^ Sjjj-GaJL 



£jLuul_«Lj 


(b) 3 ia-ljVt (a) t^U^V! J4,-JI 4.4 JS^J! 

I*j — 0 t . • I I ‘ b. I . .. I~I \& . 2 lo~l L A 


•,<zAj&ja 4jLu^3 yjs l<ig~n^ CjIj-uju 9.4j 8.4 jt j 


Vy = v,. + at 


1 2 

17 = r, + v,/ + —a/ 

J [ ' 2 


{ V xf = ^x, + «x' 

[% = + a y t 

1 2 

Xf = x, + VJ + -<y 
1 2 

J/ = J/ + V + -a z f 


(8.4 a) 


(9.4 a) 


^jl t j: 3 Vy jLsti, oL^jJ.1 iii Li! y - • 4.4 44 -"41 ^a 4_ ^- it& ^A cjLx^J.1 

(jt 4 x oL>ol ^^a 3jus.!j — 41 1 <1 ^ i>> »i ^ic. ojIj ^j l 1 < r<) 

/ 

. o x (jllUjlj ((jl^jLxG) ijtiLssji. - y ^L^jI 







^jJbU (JhrUlft 


(hD 


j-luia I L4 JH 4 

20m/s ;_£^L<_iU X A^\ L^JLl 5j-^S 4_uljlJu! 4_C.j_i.aJ t =0 Jl 1c. 4 l~i7i T -j>3 ill -V IJljJ 

j t.tr^ x 0 Uo i ^ ‘ ^ 4 _^j.<u xy ^jj-uuJL I I l£Jj_^_<j .“15 m/ s ^jLt*u y 1 ^ t 

^ I JlIc. ^y l^xl I 4_Cj_*_aJ! 4_^a^ij <G<-9j ^ I Xic. 4_c.j_«-aJl 4 j*_Iui CjLj^j_^s jA-C. ( 3 ) . £2^=4.0m/S^ 4-95l-*lh 

. Gi j 

.a^ =0 ^a x -A. Om/s 2 < u^-=-15m/s * , u. f -= 20 m/s ^1 ^IVin.'i <Jf ..«.^U Sjlo. 50_p juu »J^I 

iJup X ^L>u! 4__Cj_iuiil 4 _j_^j__4 .4JL>J! aj-$l l_i_uj_jj L «—lmj 4_£j^>*J 1 (j! LiJ jjufcj 

. 4 -ulii J£ 4.0m/s j>hj3j 20m/s 4 ^j-«u 

<GiLojit U -15m/s [^jLauJ 4_ul JljjV! i ^ I q >4 IjLil 4 r j < t J 4a£jj.lj 

J 4iii 4 nil jji ‘ . 5.4 ^JSLuiIl yJt> 1 4 4 i ~~ 1 ~J ■ ( ‘4 1 dll g •S' 1 fl ‘I t jj |.:> 4J 1.4 1 uj i 

SjLij (_ Mini 3lj I oK jlji^j Lin 4 


/jjLzju 4_i5l ui n ~m 5 li ciVjLus 


u 


1 x j = v xi + a x t = (20 + 4.00 m/s 


v y j = v yj + a y t = - 15 m/s + 0 = - 15 m/s 


dUjJj 


Vj = +v y ji - [(20 + 4.00i -15j] m/s 

a 4.0i m/s 2 <ji -Is>.V . 8.4 4JjLtif ^l.i V"tiuLi 4a.j"iill ^yl^. Qj i^.^tl l ^11 \ \ i5<iij 

v ( - = (20i - 15j) m/s j 

LI d il U a |jl4j . <QjIj 0Ld y 4_lSj_ 4 la>ij i X i>l_>ol J3 ,. .I!I Ju Vj i4_a-M~i<H n-L^l 1 . i~lj 

(JLaJkl X tfL>ui (J 4 -C.jjjJ! ja^aJ i_2_jaa 3^a^ Xxjj .<>i_UBj3 

.y aULil (^3 

• Xj^atxJJ Lu^-iaj taL_L^i_i '3^4 ^ < 1 ^ 1 < 3j_i_u t5.4 /3^~^2 (1 j Li« .<q jiao l—^ tajj 

.$llaxl,l 4 _ijIJ u_iVi JajjGJIj 4_ul^jJl 4 jL>-VI (ju Lulj Jjrtll 4 jI 

. t =5.0 S J-lc. 4_fillaJU 4-C.j_t-gJlj 4c.j_i_iJI <—i,.n,t>»l (b) 

t =5.0 S JuC. (e) 4jacXtxIl ^1^*3 
Vj={[20 + 4.0 (5.0)]i - 15j} m/s = (4.0i- 15j) m/s 





(^ruu£jJ,l (^ruL* S^ijjuu • v ,=-15 m/s j v f =40m/s *f=5.0 s jOt. <Gl olxn> l^-p=3 


J2\ 0 (j\ a »~ 1 j .4-C.^-i.»Jl 4_scJj-a oLaoij jl.t ,S a (j-a jJ£ Jlj^j 




tan 6 =u V fl v x f j»Ju* Im U t —5.0 $ J-lC. X 1 Jj>.VI V [$* \ i<z\\ 

n -i ( v y/\ _|/-15m/s\ 01 „ 

0 = tan ■ - JL - - 11 -' - 01 


UJ 


= tan 


40 m/s 


= -2 r 


t V ^ jI JLaiI ^^ <LaiL^i,l ^. 111 i^o , t it i X .Ji^.51) ■*' ■ I 2 1 4-JL-u.)i a^)L4o5M j i m i < 

V/= |vy| = -Jv x j 2 + v yj 2 = \f(40) 2 + (-15) 2 m/s = 43 m/s 


. Vr (jl JL>o 3?t JV C*L£jll Syl \- 11 JU. a'*- IjJ 4jI i4j?c_uii! £JLA; jJcuJLjj 


l Jufe J ,1c. ^UD^JLI d^szluaj t xlc ^_Lt y ^ X Cilxil £j\-£- (c) 

UjLdl. t =0 jj£. x- =y- =0 t lW 1 

^4^ 11.2 

Xy = v rj t + ^ a x t 2 = (20? + 2.0? 2 ) m 
= v yj t = (-15?) m 

c „ c 4 K‘n >* t ,>j jM 

ry = Xyi + y f j = [ (20? + 2.0? 2 )i - 15?j] m 

jv ( = (20i - 15j) m/s 9.4 4jjUil J j jl lalu Fj ^lc- ll)<4i 

.(5<_dJj> JjU .a = 4.0i m/s 2 

,jjlj . iy-=(150i - 75j)m j y = -75 m <x = 150 m «t = 5.0 s jlI^ (JLiil Jj ... Cr Lc) I4SL& 

•-^ Jtlc. r jr 4_4_l3 t — 5.0 S JLi£. 3-^^^ <La^u /_pQ 

r f = |r y | = ^[il5(yf r + (-75) 2 m - 170 m 

I Jua» ^ U.^ ~>sJ I L^xIaAJ 4^L-U-I.I d 0 JLA 3)^ 4 ^1 

5dLL^xii cjLoaijtij ,j_4 4^Lfcuil ojui> ^n_jju t -d- i S Loj 3 -a 






Cb> 


PROJECTILE MOTION \ 3.4 

J—t-aj JlJ$ (j^SLs (£ |j) ^ 31 u_S Jl j i c?- 4 -" 1 JJ1) (J^—j— i << j 4 1 4 _^j_j>. AA l — i!i u ■ '*' ,■ ' - ~ * ^ 1 

UJ^J (0 Ijj 4 _H£^_j>» (Jlata jjl -J^_<_a]l (j_^Jj ^jIsxiIa j\ m a 3^21 illj-rg-lj • j c a 

4^qjI_JL<o j-^jLj (j^£jj (2) j ^ (j 3 > (i 1 4 _aL>o1j 1^*-^ ijr^ I—uIj 8 j->J! 2aj) n <«11 ^jLlxu 

Tra- 4 _ 3 j jJah Lr x 5 tull jl Kit! 4 j <i i a I ;_£jJlj iuJSj jJLlI jL<-*t >3 (jl J_30 (^pajj-dil 0 JcA £_d . ^<lg. g/O 

.(Jo^auai! 1 JA JjU. £JA ^JtitlU-uj u-d^uj . Laalj ^blSLo j_LxS ^A <jcCtOFy 


aLaol O^i Cx-t3te-j ^LL-uj jllat jLlitJ LuU t^JslSL-xa jJLxS ^A t—I 3 <iU ^-a-1 11 jl u all (jl {Jij-i (_^2 

JM* ^) a y =-g O 5 j«JLu i4J_4_$_s «l^_$Jl 4_ajL2_a (jl >-~■ J ^ a . (_yic.l (_^_II oI_>«jVI jJky 

dJjJu 1=0 Jur. 4 jI ,_)1sj_£U Lie J uii! j Sj^Lc. • (i x — 0 j (Je>.tj JL_*j LT h Jaj 5 mil JLsJI 
0 4jjlj Vj 4-a^iU ^Luajj 6.4 (J^ iii 11 (^ (jA-i-« ^Jk L<i^ l j 4_c.^_^uJ (jf ( - = Vj — 0) (Jj^k^M 4 L n i i_3jJlHI 

.(^LuaVl <iaii i_2jJuU! L$J (_yi!l 4-J^ljJI iJr tt 0 liep. £-a 


•.(jl JL>u fUlll > . m->- CjLjj^ju (j-^J 


cos 0, = v xj / v t sin d i = v yj / v j 
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'.(_ r ik X j y 4_uljuj^?l CjLSJ^ 03^ 


V-~ V; COS 0, 


V yi = V, sin 0 ,, 


:(j! 4^4 = 0 j X i = 0 9.4a ibUI ^ X oL>ul 4 a^oJI 4j£j-a (jii 

ieiaVl j-^>U A'y = v j = (tJ [ cos 0 : )! (10.4) 

( JT lil (Jjuaac_i ^ — -g t^- — 0 Jl^Iu-uLij y ^jo I JlA j!^S2jj 
4 jj^*JI 4*&ja y f - v ^i + ^a y t 2 = (t», sin 0^? - (H-4) 

J-uaa%_> 1 1.4 4J^UI t 4 ^j 4 (j£. «“ 1 L>j t — Xj! (U^- COS 0 - ) JlLc. 10.4 4jjl_*i! JacJ 


y = Oan ^)x 




2 urcos 6 , 


,7 


(12.4) 


4—uJaj^’ 2j»_SL!l j—LxS lJ:— ua_Li Sjjl—oXLi j-f-i—^ 4 _£j _>Ji ^J >—o (jl LlL-Jo Vj (jj^2 —aII I J—A { 1 ) 

.4_iiajj-ai,l 4^^Ji (^JLo ^1 a 4atla^_u>i (^laj^l (jl (jls-j-ill IjA i4a^ a>J1 .(6.4 X 10^ HI) 

tu.(^yJjjCo (jlj^J i^l (jl /^yJl 4^Lua^Lj .4-jiljdl olA^_4*Ji 4-uaL>.J ^a■>*»-«a (^aj^ail ijLA4^aUi (^ 

4_a_j_jJl 1 (jia-t u Xi *4_jJat_LU 5^SU1 jJj-j- ■lu.j oil 3^_S L^oAic. (j-tLa j (jjjJi 

. 15 (J u^q a. l 1 4 i.ujJ uLu j (^jtll 4 jjI^^]1 IS^qLujJI (S$^ 4_o-1 4^a Jli 




I I SLi a L u I SL u iSL d I - JjVtgJ^JQ sb>uilt 



a jL 


UI6.4JSLSJ1 Jl 


eJj_Li ^jj) '-Sjlujii ^LS-,, 

4_r^Toc ^ i > " > . y i 4 jC.j ‘ n t . ^ I S_Waj 


^ JS ^ O-"}- 11 f-o V 2 - -) -“J’ 

ji 4_?t_uj j_uuJl IjLA . 4_&L»oia tfjLuLa 


. V _)JLi_uJi ,_j3 

( fc~<3 4_1>£ 4_c^.—caJJ -V 4-— j lJ^L j 

4jj»^_c 4.L> jjV j.-s JJi 

i <lx. j>-<-uj ! j 3^3 -cr*^ 1 

. _)L_JU <Lq 3 Jj£. 


i—J1 3.~I. -O 4 In.mlLcJlJ ^LsTJl (J-C-JU 
^) L x - u—a Lt £i £-jljj 4_^j^iaJl &-X-&-} 3 jJ^XI . (jy J j—$£ 

.(jiilfLU ^_Lx3jl 

(© The Telegraph Colour Library/ FPG) 


lILJ-J ^SjL^tJ e_3 Jl^I .3j_LoLq 4-9 L>- jJlC ^j-u-L 
♦ l_Jj_u Jps^j 3^SUI i— aJ -o 1 j t?,41 (j\j^£Llt 

. ilisejtij ^j-wj! (jLijSLJi ^ jjjLs 



.()< 0 •< ji/ 2 ^jii! ^.3 aJjlxll £>j~a> ^2^0 


.i_ 2 ^JUlU jLu^c ^Ic. (x, y ) 4_LaJij j^V jLL^Ju 4jjl_3tXI (jl C<.u> V J X J t «J1 U£j 3 wLai^ 

J—3 °i Alna'i i ^>-<U ^bISLo ^ Li 4 4_ljsL*_^J t V — OX — l?X^ Sjj try 11 ^Ic. 4j-iL_*J.I 0.5^3 

4£.j_4_uJ 1 jy3 Iji }Lal£> La Q jl taXl (jl . ^4> )1 *-<*11 (j 1 Lb lJ 

. 0 I t_3JLaJI 4jjijj i 

r — 0 4.9 4 J 3 UI j)-4 3 j^L_ 4 ^.xTi jyojJl ,^£1 4Jlj^ 4_^Lll <LuS>L>oV! 


(no) 


.7.4 ,J^ 4(11 fjj3 43^L»J! cJ-it 



QjiAaJ 1 t I 1 


& 



n ~~ . ' “ " '' "‘ ..... ----- .- y 

ijj \jt (jr A <_i3 a.xJiil j^ .V; <lLsju ..Lie. 4jjt_Gj Gc ; <•< •_9«..Gti !* <3 1 l 4-rt.l'y 7.4 (J^SLCiS 1 

. ^Jl 4 .a if. 4jjjL-5H.il f-jl -t-G it' j-'^-.-U- 1 )l — g/ 4.rtu~.U ojZi* «I>y.io.xs 4_ujL>Ji Cjjlfs 



4Jb: 4.JLJ ^>_t Ji oLL^ 

4_i \. .jjs a.._.x^i j j cLj u .o.i:» 

£_j_aj S^SJl U ! -14 >V . 4-a><iLvo! 
A_<Xj-£i_3 £_Lx3 _)l_*_u_a 

olls*.iijl <>ju*> ,^jj_^ —ai.1 

Oi jtoVl 3cLa£ 4.w»i;.jJ 
jcl_j_„L vlU^X—^9 4_.._j— 

.^>U! 

(*P Zimmerman. P P C 
International). 


9 

?cjtil ijr S 4 j>4jV 1 tV^-/ Jj>JI £_*_>. 0 ® {*J.m*>* 0*1 01 0^ 

^_L.C 4_U jLo«J! <1^C CjjLS I j] 1 \£y>~ 1 4JLj^..to_S$ . *LxoL>Jl 4j_5t.C, 0^ ^d-Li * —g/tXe*Jl 

1 _ % _ .... 2 
1 — g/~ 0^^ L*JU Jkj ^ . Vy (jjh J .. V -A Jo> 4-^p-4S=»Ji ^w<dloU 

^J>jl dr>^Jl j_yJ 1 4_iil_.ciuJ3 ^jmAJ (4 A flJnJ tt l.1 do.>Ji jL.4-'i_/5 (jC 

(1) :{yCt£}-^- £-*->- 4^o. o? ^TuD-j-uj - 0 «JLoli 

^ ljy_X: J1 do^_O j_j -!1 (2) 9 ^JiLsVl <>L>oVt 


J 


(jC fr -< j u .ua Ca_>o ^u-u_>J1 L^J^Ldw 

■sj 

4Zblj <Lx.j»o.u 


- 4_d$ ^.C Ia-&1 J^->* 1 JwvLju*^ y_^jjJLa 45Tv»J 4jJlsVl 4 j£j>-U t / 




LSLmLuJJIj tSLjjlSLjlt - JjVII) 

i *aj‘ ts. l-lj«- d-> 2.4(JUw 


^ .20 m/s 3 40 m/s ^ 4_ul-Cu^l d_^lyij 4_jiaVl '“J* 

. L$jjI_U <lixSj (j^a 4j-uLiLa S^SOI La.IlIc. ■ U * ■ •■* ( _ 7 oJI iiiLaJLlj (jljjUll (_y]S2l V ' 1 "' ' ** - ' 

4 j r m I 3 J 1 jLxj-^Ljj ^yl^. 1 a 4.1 Jl>.I (jlj-aJcu^l <Lc^,. . .iJI ^u£j-^ iV I l-^- 5 

* s= 

C-jl . ,11 jJ 1^ j to 11 ^a-V V ~ I II . . cl^-gll B^SLII 1 ^tto~ ^jJ| 4_L ; .a^J 1 *2 )-'■ 41 i-o h. L * "^ £_~ 4 . ^" . ^ ? I 

M o J to ot 1 4 t }dfl1S?l 4^1 r n il 

8.4 JSL4JI Ji-« 4^j-»l! (‘ u -v^ 

.4 I t ,„t l jjjC. 4_ajJuLa (_y3 LjjjlLauJ 

(jjj J.LUU .5 Jl>-Ij L» « . j a-v 4lst*il Cil^seia 

. 10 m/s 2 Lu>-4j i^jLaaj 4 a 4 S; Ji-u .1 

I j~ l Xj o , L^JkL>ol 3JJU 4^^tuJI Cjt j J »-~a 

,jVj .20 m/s eSjlxajj Soa-lj I 4 K 4 j 2 isVl 

1 j ^ ' " 4_£^_rv 4_ t _tjj j^Jl 4_£^_>J1 

^j^4 4^ <^LJI (C-pi 8.4 J&2JI 4 r -I 5 , 3 jJI 4 _j_£ jX\ j-JOj Oiljj 

30 40 m/s <>» t 4 _ull> 5313 4 4 ^.>cJI 

4 10 l^rj^tof xua3 Lub *0 m/s ^1 Cr^! LlJj-Sj lOm/S *20 

^1 ^ 4 s j jjljuzj ^ 4 s 3 j£l\ j±fc I j^bj . ^11 2 L^La ^ 40 m/s 30 *20 

20 m/s ^Luu 4 _i 2 ^Vt 4 Lcj_ 3 I 4 _^j^o cu-p-j * 0 ^ 8 (j 1^131 £y*j o^i i^ 2 u-u\ 
. L^uIju 4Ja-<ii tjf-A 160 m juu ^.Lr- Lu^oj t3 j-i-u 1 8 s 5 j-1 ^c .^31 £^-£4 j-*-*^* ^>31 



v ; 

z »’,* = ( > 

®y 


h \. 

; \® 

j 

-- 1! -4 


4-jl JL— J t 4 _Lx5j {j-A L-fljj. 7l a ^ llo 1 9.4 js: LU$ I 

. Y ■ 4_pl 4_£1 j,— t*u /=0 (3^3 Jt -^ c - 

.R ^4, j^jJLt3 h l_5jIl_L_c-U i*ijl 

CjLlII J^jvI jL<-a aU rtJt 4 IolA> Jl 'lC. 

.{R/2 ^ h'J ^±i-us »Jl 


. fcLdJjll j^l4Xt 

Horizontal Range and Maximum Hight of a Projectile 

Ju£. 4 jIjLlM aUfli Jil=u J li^.4 

JSL4JI ^ 3-4 U5 4-ls-jji 4-C.j-aa 4 j^>AJ tj - 0 

; (A) 4_«_5JI 2U;\ ; Jjl^-~<U (jLuU. • 9.4 

@ akiUlj (i?/2 j A) 2 l_u=L 4*- oLplj-^l M tpltj 

^jdLi R 4_at i.ILI ..Uj *(^ *0) 1—4^ 

iic .4 .41 ^Lajjl w a T h SLaLlJLIj t»-aj. 'v a a ll (jiflVI 
.g J 0 j I Vi 4j^Jj R <h 1- . I i . -fc ! 


(m) ) 









jJhUU rfjJtlt :£jtIjJl 


(m) 


^■ij~j? 8.4a 4 JjiLlI! ^1, >V~ i »i 1 <K<u dJJjJ . — 0 i<L»2i!! juc. <ul h i 'i <■, ij 

:<Lh 2J1 (^Jj Jjua-J <_3jjjm «Jii.Li (^jJI 

' V yf = W w + « / 

0 = Vi sin 0, - g/„ 

v , sin 0, 


^ = 


i / 


( _yi£. ih -j yj~y 9.4a ya i_y yZ. 43^L«JI alxib ya 

:4jj1jujVI 4aeILa oLaolj jljJLa SJVjlj h J 2Js}Lc 


. . . „ Vj sin 0 1 

h = (v i sin 0,)—- 1 - -g 

8 2 


v , sin 0. 


h = 


tr sin" 0 ; 
2 8 


(13.4) i—Sjjiiali £L£ji ijr ua£\ 


CT 5 ! ^aj ^44 Sjui-L (^jJ! (jjsjJI ‘ a « »**> <_y4 1 q .U aj (^l d t iaL^JU yt, R (_£jJ,l 

<jt 4__ia—>■ *9.4a a! \t . tl y^ X_J ^^L_a4i a41 ^ 1 La-~t—....L^a . — 2ly^ (^! *4 ^a!1 


t - 2/. jOc. R s X 


t> = ILd = U; COS 0 , 


B v x i ~ v xB ~ v i 

R = VJ B = (Vi cos 0,)2 t A 

2v sin 0, 2v 2 sin 0, cos 0, 


Ml 


= (Vi COS 0,.)- 

8 8 

I^LtAx>.l 4 ji_u^o R * sin 20 — 2 sin 0 cos 0 4 _ 2t l rJ U 4 ”s}L*J1 j, V< < <iLjj 


/? = 


v 2 sin 2 20,. 


(14.4) t_3jaHi ^Jos 


(jClaj i t < 0| ji) I ojL^ L« iil R j h l-j 1 <n\ (jr h ^LijujuLa 14.4 j 13.4 ^ohLdl <j! 

jJfc 1 * ^ <4_La I Ja (^jJI ^LLjjVI JU£, t—9j, i all <.Li i A |]}j tUli 4 Vj ^jl ^.xju 

.9.4 J^lli^coU 

(j I 4 JLuiL <jfA JaJu 4. k HJLlI oJJb . R max — V-^ / g {jr £t 14.4 4jjLjti,l R J ^ a l^all4 <; j nil 

La, i i r. 4 4 ^r°> R /jj) *\~ lLLI jJj , 20 j — 90 LulJLc. cjj 2 »o 1 ( _ 7 _a sin 20 ^ J 4 ^,j4 

.0J= 45“ 




(iUjIjjth ISlwLuJifij - JjVi f>*j i) 



LiS^ * 4..a.fcLki>a L-3.Ji.2l Aj$L 1 y <Luj o- «Lui JlljI 4j£j._i_u 4J l_£jJl 3J. 4jil3js=>a Cji ^i.*-u_a 10.4 JSLaJI 

4la li i (^1 *45 4-J^1yJl iJa^Ls- 4 Lj^ 1^ «i.L)5J 4 jjLj3±>VL . 0 j— 45 — 4j^I^ JuC CjJl_3cj ^ i--n.31 (j£jj 

^JLa $ i J L^_jJ] ^ R y 0^ 4jjxjpi 4jL-ui Jcx.1 L^J 

jx. 4jallit-£i i <juL$> <_£JL:s-5/ ji j_ j0>!I Jwo;rL<iJjl jp£ Jc-jbL jJL^ < 15 } IS 

. 4-4-vi-U.I 4_^..lIl] I (^>*)J ^ u ^a.3 1 


(&3LJ JUM 4jj^O 

L.1^ 5 3;_£ dliu^ k_jl^iV! £ )Lk JT'L- j> ’ j ^jl^j a^Ju 

LJ\J2. j} LiluX.UtaTt-i. j i jJL-2 3^.3-} C;f _liL 1 , ^Jt Li._i.uj \ 3 jLJ I . U-iiLiuJ 4_£_l,..y (j-uJuJI 

. i U 34 vi.ix^U-u pi,J l3u3.xju i .) ^xs ^i-c.i3ij uiil3 Jl 3J LulaluVI 

j ij-j.L, J1 Jj-a'} j.j ^_j_jl_* I-J* v j.2> ^ S A 90 Lijj.Il (jiaxjJ 3^SJ1 u3j,i.) L>>Jix JLiJUa-J l5L« 

LlUj.5j tjrLflJji (J-t.XJLJ l-iillX-Ikl.^L jJI^L* {J-4> S^L-3 Jl^J <jl (J ^ .* ui 1 {_y* 4j^ LjJj^ 

^4,ij| Jlaj 5/1 4jC.j_i.uj 1 



.j^o c.^JL.ui! /^Ai„ ~t.Li.du ^1 ^ j iX i/^jslSLa J.L..3J , Lx *._3 jJ..-2-.i i-lJ^x-»J i- Llj i 

SjJl.^J (jjjij-* JS (h/ Sjx-50 ^.u_ L.ij.^x, <J5> ( ‘d) 4i:>x*Jlj 4_£j_*uJi L^slx^s 

j —< ^2*3 5M (j- - * 5 1 ^»j^ * (j i ^_xL.i 1 j^.si ^ J 4-i.^iixlLi 10.4 -.uJl 4..uu.^3tJ 1 lDjI^L.luXI l— i-j ^ 

.J^LVI 







JiLuoil iic - Jil&uo 

J J-^,4 ASjJ* 


:c_jjjJLa 4J^J 4_Jll]I ol^p-^lll ^jJgg■ .n jji £~j~ ^ ) 

,y jx 1 ^ u j&j-a 4_ilil jOj VI Xzxluz JJl^^ cjLu1jl>*VI ^LLkj jLjj*.l ♦ 

^Jj>- £jj| • 4 t.i bVl 4_^j_r»Jl (J-lLtcJjJ 40jLU 1 I ^pLt-u-jd <X-C>.\ c*r ~ t nlj ^j .lo 11 £_ijI ® 

ai3 j y j X t _ ;r -4>Lj>oV 4^^__>Jl LiJ^ILtluJ . 4_j_j_ul^Jl 4_^j_>JI 4 Jj_>LTl1I 412c_jlU 

. t ([ ) I ^ j lo-l I 


k—uijJl 3.4<JLU 

j.hJj 4 1 Li a 4_c.^_oi^l* 1 ' 20.0 4jjlj_j ^^pijVl <3—*j) L> II <_ l_j^JI t_<x V dJ^ju 

4 _£^>. 4 _ j £^-». ^ j | { j f ^>jj£i\^ 4.4 VI <? L > t_)VI jUI L^.jjj (_ r ^l 4_BL _ j _ u -1 I L7 Jb L^a ( il ) 11.0 rn/s 



^LL^J 1993 -c-Js^l Cjlj^vi ^ 

o' Mick Powell _«VI JUill 


. Jj'VI 8 m 4_j2^i 40Uu>» 

(Chuck Muh(stock/ FBG International) 




4_ij|jj 4. 4.lLil I 4_u1 JLluV I 4^l^_t_uJI 0- 4 3L£ (j' CLcJ-3-. 

<Ul.(.al. 1 (3- > 3 j _ ( - u I—3,1 03^^ Q x a (oVLLsVl 

l— <Cl.u . 14.4 4jjL_Jti,Lj <?LLi.».U ^wUU 4_j jL_f ^ I A. ^r—L. ljj 1 yJb 
^3 4_/jI__*JI 4_bYL-* 3I ljj__>-l ljj Lb 3-,.V) J-4iH £--uo^JI 

L<^j .9.4 ^JSLOiJt ^Lo ^ xtc. p^VI i_ sIjJbVI 

J-AJ -JJ J^V-LuVl 4Jrx^u JlIt. CjI_uI J^v^U ^J-^VI 4 Ll^j £_u3J 
. (j3) _) j i ^ 11 4_Ln_jjj (A^) “* (^_ 4 _2-11) £)_jjj 1 isz.jC$ 

: 10.4 iJjUilj 4_iijVl 4 JjUI1 <■ 

Xj = x B = (i)j cos 0, )r B = (] 1.0 m/s)(cos 20.0°)/ B 

. 4_l 3^U 0^3-1^ ljj JCg 4 "4 j 4 3l_?t-jl 

^1 ~ * Cly — — g <jl LaJulC. /g jL-Ptjl £-A IrTl >alj 

<LujJI 4^B jXc. 4j! Lkxjl klri-'v-VL) 8.4cl 4 JjLjlJLI 0)- 4 Y ^3^^^ 

'.j j.i^aJI X)y 4-g.^<_aU 4 jJ^4_jl 11 4_t£j2.l Oo^- 5 

v yf = t; V A = sin 9 l - gt A 
0 = (11.0 m/s) sin 20.0°-(9-80 m/s 2 jf A 
t A = 0.384 s 


(3b>l jsti I l£*»LuUJlj - J_$V It) ftb^us)! 


4 _ u .-cj ^_<u tAijLt^c 4\ 4£^_>J! . 4_ujJI AxiJ*> \jjt> 

./g = 2/A = 0.768 S <_y-3 ^yiSUI . L ysj' > ^\ ^}\ 4-u^.^Ul Jj_au (Jj-3 4 JjLc^3 

J f^iTC-a Xj J 4_2 uL_oJI ^3 4_A_Uljl 6JJk yC. (jiaJJJuJLj 

X/ = x B = (l 1.0 m/s) = (cos 20.0°)(0.768 s) = 7.94 m 

. J i■_*.£*; ^ ^j^u.al 4_}j^ii a.g 4 j3L«.il*q 

L- (b) 


t 11.4 4jjUil 4_dj ^Lajjl i yuz£\ (^4^ (jSLcJ 

1 2 

>’,,„* = = (v 8 sin d t )t A - -gt A 

= (11.0 m/s)(sin 20.0°)(0.384 s) 

- 1(9.80 m/s 2 )(0.384 s) 2 
= 0.722 m 

^ j dll ij\-£ >-dJ3 £-*J ^yA j2i£l ill j i <i y ia.ar $> (jjjiaJi —£_<3 j-aijtiii 


. d A + A 1 ^ <1/* 1 <1 I -^- 


^ ^ °i l c_iLi_a_>. 14.4 ^ 13.4 (jOJ^L*JU ^1 jl3^Tu-u 1 i<ijljLi_u^>Ji jLgL>.V 

• c ^Vl (^jJLij 


QSj JS ^3 ^Ujiua 2Lt4j 4.4 Jliu 

4_i_3 i_4j jL-iHJ CUyx^} t__3Jui> ^1 C. c_3^JlL> 3 J)1 Lu i4_3j^_JL>3 4 i **- j <>>j 3 S^oIaLse-o 

4_^Ju_J! 131 4 _j1 C* nl -11.4 jSLtlJ! Cj^~y j-A yA Ja_3_<_uj 4.1a:* 111 

. (-u-u^aj lJsj-lm t_3jjLSJU SJL^ll <Li3*U 



j-Jj—> o 4 j 1 4la-w^Lcj 3j_^jdl JLic. ^oLuaj cij<—3431 JL^Jj (jl ^j 

(jl 11.4 b (Ji-jJl Vjl Jaj>-V . (2^, =: -g 4_L^_*JI ^<i3) ^yjl_*j <_3j_i_u 1 4 -$juA *—\ 3U 

^yjli_L>-^?l 3 ) 1 -^ . t — Sit~ ^bui.v Lii3i.u.■> i —tti 0 (jj~* 1 * X-Li*^ 1 y 

:4^^L*JLi ^ylaju Jju 4l^i->J ^i ijy ^ <—3,X^U y 

1 2 

^T = % tan 6 , - -St 

*4la_>J Sic. y 4^31-C. 4jb£3 4.92 4JjLiii LLaJiitlLuil I3j 

1 2 

Jp = *p tan e { - -gt 


(m) > 





Cs) 


c-5jjuaJLI ij^-c (JSJ CjL-uS j-jv*21 (J3^3 L-^-iic 4_jl < 2 j 1 i .1 1 i jL-ti,! 4_jjl 7t4 \ i la_ S2s> 

La. U C 4jj t . ^.Jjl—L-cuJl Cj J—1 (Joji 3 A Lj—gj X CjI <—3^ <» 1 3 J—1 j l^ 

4_C-^_<_uJI ^_^cXcj «Lu^sL>JI oL^^^LjuI 1 J^nTi-t-L,Li 4j^_p_u! 3,3 ^.>J1 . Ap = Ay t Vp— J^y 

3 °i ^a!. i^“<II cj j_^_j jjl ^SLa-j jl-j—oJI (—c _ i _ < _ uj LcjI^ cjjLrt_jV 

cu_>l£ 1 jl i}j -2 <_3J_^11 ^ia—bVi ^ d * ir sin 0 i > -Jgdl 2 LojJh 

(J_i^j [ji (J-j- 5 ^w^jVL i—3aAuill <—s^-« t4 -q>-u3 11 ajjt djA ,J^t Vj sin 0 } 



jJIIdJj 3j_J«Lla <__2 4_l3JluJ1 13] . i—Sv-LA cJ3jJoL<j a£^>- 4ju^_<_u 4jljLXAj j<y-^ (a) 11.4 

t Jo^. 3 AjJI 3 J—<$A 1 t-Bj.X 311 ^A. ur\ ) t Jo^ 3 mil ( _ T 3 (—3 J 1 1 g j <2l lA_±J ^uJI 4_Xa_aJJI i-3 jA-3 .a 

<CuIj 4_A*_*Ji ^jlaJ 1 <w n tjljLdXlj <>L>»jV 1 ._yS jujm3 £*Ij- 4_>J1 (_2j jJiil 4 j2.j_*_u ^jS AArvV .u_3Jl^11 i_3 a J-3i! i_.t_ i .u ru 

^Lu ^-«»j (b) .(Central Scientific Company) .(4 _ t? - < u a ;.ll ^..^Vl) jA_^i ^J] 4 ^ j 

1 x>^-i A <jt CA-^*- ^ 0-^3 LT^ 4 4_flLoult ^udJ L*-U U-fljA. 3.U {jjQ 3^ >l->3 <»t? . < S J ^J1 —C_3jJ 3X1 

' a y = -g 4L^_*J1 


5.4 JH# 

20.0 m/s 4 _jj1jlIu1 30.0 4jj1^j ^ t * * 4-^-5 ^2.2 

^jt (3^-^ (^) 45.0 m ^_LlX! f^L_3jjl 131 . 12.4 3^2o*JI Ov—^ 1— 

331.^21 3iu 3^ ^Ic. jJx. . 12.4 3^-^21 (jr 2 4 3hj>2.1 cjI^JU ljLJi ^JJ Cj-iii! ji_3J t3^31 

.12.4 3SL,:J I 1-^I^Xq ol3Li_J I ^ L-^ il^ -^j 3^^ 

t Lo-A y ^ x ^_aL>lj1 ^^>21 4jCj.i al ^L^ijCu^l i^Il 





(2b)lj£iJl ISLtaLpjJ^ t&otSLitt - J_jV! f.J^sil) *b j C2-’jt 


v i..,-»!,() m * 


in, m 


4S.0 m 



v wj = v, cos 6'| - (20.0 rn/s) (cos 30.0“) 
= 17.3 m/s 

v ri •= i.’, cos <9, = (20.0 in/s) (sin 30.0“) 

= 10.0 rn/s 


V,- = l> : ! + - ft,/ r-^- 


UJSUi. I 


i\’l= 45.0m j -g ( . ; . a (9.4;i | 

-l. i*.....j1 S )LC31 j il. !‘).0 m/.S i 

, .. - l 

■- ( : d i^i a .is c_--.c ! Lu9 y j- .J 

- 45.0 m = (10.0 m/s)/ -3(9.80 m/s")/'’ 

c, 

4-jjiAII 1 4 .JjLa.o lK j .S 

7 a ~ 45(1,11 \ uJLmJUj^JI Ja • / - 4.22 s 
“♦j 

C^jLiSw^ j ^.y. 





^S3LLulU CjLa^ixJU (j-a t 

S3 J^-cuLlvO ijp (j l ^J_u3 j .PtvuJj <La ILJU 4 _c.j_cjJ! (b) 

/— 4,22 s i V vf = L, w cl \f '-L-;<-U pi .>..itt.it_u.ui 

. *2Lri_t_XJ r-L a il Q 4-C.^_i-iiU 

ny= 10.0 m/s ~ (9.80 m/s 2 ) (4.22 s) 51.4 m/s 


(j^4 vi^j— 17.3 m/s q i cu->-j . 1, 


(ji ^yil ^_j_tILu 4_J l. i 3 ^ ii 

4j 1 4JilIct.ll 


V + V Xf 


+ (-31.4)" m/s = 35.9 m/s 

.^1.2.1 3jl£.Ls t jyc, 73.0 m juu ^ylc. 


6.4 Jll# 

131 . 13.4 (yvj-a L>i_^ ^-4^ 1 ^ - 4 31 ^LaJo J3 ^jJ>u£> j)L3ji Jia. ai..* 


(jji ii jya 100 in ^lcji 40.0 m/s 1 j i °>i ^..JaS ijJLLxIl cojL£ 

SjjjJLLui^Ji j . trl L$-t3 ^4-J 3. loil2J 4-X.tnlJLj 





<ULuJli j ^11^3 jjlir-tj 

o&\£^h 13.4 JlAJi (jy-S Ll^ ; 

vLl.n-.uuJ 4-L^.A j 1 1 4_Ls_£D 4_l-S 

4— 5>j —>41 3^1 j -^-—i *-> - ^ 3 3*4“^«'■■'' 11 1. a. \.hr. i. 

LujJ 3j_<_>.^jl 4-jjl_sJ.i . ^ <5 juLtui JJ 

4_>u3/l ^3 4. cl aJ^rtl l 4L_£il_ .L.'.d.\ u4_uu-juJ | 

.(9.4a 4jjl_*2U) .v j- 

Ji < jutlU 4_u I Jv-ILjV i 


(i y/ / C7 _n> 


Juki 2>^_jLkJi L. 4 ^_j-j ^ Jy j& A' i>L->ut 

liiJju j .40.0 m/s : JuLuijJ! lyJ 


.(, - (40.0 m/s)/ 

j 


J 1 L jit LLb jK..c hi 3 

i. i pi . 1 •>•■ < -< 111 I 1 JjL^ejV 3 » 1 dL>o'^l Jjj) JuLusaJ! 

vo •j''iL j ^ j : .iUiii 4 4 J.-A.>J jM:. V r — "100 rn ^ ;7 _A V (jl ^Jbo 

*<£aiscjJ I .a 4.J j' I ya.i^> <jy 3 L-uJ l) • i 3 3 ,.i.k r>.l 1 4_k i jkL 22 1 4_u.u! 1 


C.K‘ U 


. iLksii 4_i. ii£> i -AiJ 

'.^ )I j->o 9.4a 4jjLfld„i 


!90 U; 


(9.80 mis')r 


; := 4.32 s 

t ( ? it JLi.<.3?i ‘-UjUo-5 . ^.3 4-<y.a.n 1 i JJu4> ( 

,vr - (40 0 in/s) (4.23 s) • - i 8 i m 

./ 

v vb 2 1 fiLnj 18 i m JuSJ L -rb- l3 j^ ^L^it ^JcAJ^J 

^_Lu j.j ^3 vjJLulujJU A~u~u\ jj\ j 4_uibV1 4uC.^.u_uJ 1 hki^-a hs t 

u ; .p40.() m/s 3 u v / — -44.3 m/s :3uLj»Vf 

5^-jLLaJl ;jl )3 Hj J^Juu-iaJI ^aLLsjji JUjJ JjkLhJI <jji 

^J! 3?4 oiui^yi 






f *alt 


-U-t^J I jJjvJJJ I 5JJi2 4 jL$j 7.4 JL1* 


Oyy j-& (25.0 m/s La j 1 • 1 i a ^ c j <y ^L>uVi ^3 <jJyjelu jloL>J 1 l-lc.^ <jJyb 

SJjLU ; \£ efj .mi l JjLl-u! ^lr. cLxjl^j (jji . 35.0 4_}^i^j 4ir>J 4 U <n ( J-uu . 14.4 JC.1.I1 {J? 3 

' 4 * * 250 m jl «—dlljJj 10 s /ys j.i lr»j <jl jJayb 

0-*3 .4_^—i_nj| (_yu2-i t^JjULI ^£yo_«-uJU ^ i C. 4_Cj In d.11 4_^L<. u . U i 4-<y i 3 £_ihyU (jl L-Ocj^ 

= 0 $ u^.j = 25.0 m/s cu>j (x~ 0, y-~ 0) J-usl 4tni K ^ i-all 4 jIju jLii*_j ^1 <. ^ <«LiU 

'• {jy-& 4.9a 4 _IjL*JU ^yo y j x cjla^yo 

(1) Xf = v xi t = (25.0 m/s)/ 

(2) . V/ = ~a/ = -1(9.80 m/s 2 )? 2 

^Lyla^j x,y L_i£.5UI <_L>j) j-A 4.1n i i cjLuIjljvI <jl ^y 14.4 oil 1 ^3 4jjI^JI —ill cuiiJti 

(2) j (1) ^ CiU>L*JI ^ju 4 > ^ (^jyLiiL . jp -d sin 35.0° 3 d cos 35.0° aJs^Ltlls 

(3) d cos 35.0°= (25.0 m/s)? o^- 

(4) d sin 35.0°= -1(9.80 m/s 2 )? 2 

ui-^- 1 ^ o M 3 -d— 109 m (jl jc^>o (4) 4_->■ j ~ itt ^yc. jjiajj—«_jJLij ? J 4 —j— uaJJLi (3) 

: < _ r A L&Ju£. (_yi 4 y iX CjLuljL>.5n 


Xj= d cos 35.0°= (109 m) cos 35.0°= 39.3 m 
yj- -d sin 35.0°= -(109 m) sin 35.0°= -26.5 m 



SO_it (fy-C. 
l__g_3j- 1 ~ . ,HJ 

\—a$ _$->4! ( _ y i t_.r.5Ul 

4. "j C y -LM 4- 

L^Lsj-jlA {J^3 4_j 

-35.0 m/s i2uL>.yi 
3.57 s j 



14.4 J££lf 


(1^) ) 



JUfcJ t :£jiIjJl 


diD 


(jy ^ 3j 3L9 tLu! 4^jJa »J>iil (Jg- - * - lj| JjL-Jl JlSJtl OJLctj IjLo 

" * V- * ** -J^J 

. 4f>j^>u Lu I 4 j I ibt-a .Jiaj <—3J-^-u ^Jj-ll I (Ji^Q 4_u 1 J_jjV I 4x.j-uuJI ^ ua \ 4j ^_?c_>J i jj I Cuj>> 

. t\tlna\\ jljj t-^jjJLu N AS A L^a Ju^tlu-uJ ^iil 4_i \ j~1 \ ^Ji> ^JuA . 4_uL?e_} j-Laj 4ji 

.^_ 2 c_j>J 1 j ^JjJLU jLu-a q nil dlL-iu (jr&J J ir\ aJI 4j}ju (jr 2 BjLllaJi ^tu 

3j Ji\j j^__>0 (j{ (3^5-5 » jLittJU Jiifll 1 ^ (jl (^1 AJ <4]}Lse-<U ^Lt JI J <_jL5jJS iln 2—4-tU 

♦ »Lua-fl-]l ciJjSLs (j7 3 (j-ua > Cj ^ tbc-i 3j_a. j-ila3 oljUtll ^yz 4..tTi4 

. ^pajVI (JjJV JuiC. l^Lv-lj JSjJ SjjLLall t la 3 i uj 



ljr °> tydjS ^ya 3li 4-Jlxai j5_^a! o'jjt 15.4 ^JSLfault 

^c!j_4_>J! 3j£JlJ) ^>JI Jo_p a «a H 4 La-Ill ^jaju 

S^SUi Cjj^_>o 1 <i J-U l 1 t a 41 tlx5JL4 e-\j 3 i/~>ll 3^_SJ1 lj ^ 0^£LU^ 

fjjij>Jl 

(Richard Megnol Fundamental Photograph) 


jjl 4J3 jjlajj 3j. la t a a ^yz {^-du ^Li £_jUa]i 

3j^-LJ 4 iJa 4^1 4_£.j—(_ uil *1/ 30s Cj lla_ill 1 

4J^h* u ijul :4_i^Jjj . 15.4 J5HoJl t\j a <^>ll 

(J^c ^xLxLijiJ i4_u_uljJl ^Aju tiljV 

aLt$.<aj Lilli j—*-j . <^ll ^^3 3jj ts-i U ujlal < u*. 11 3^jL*_>a 
. ^ 1 j a is~\ 11 S^fQJ 4 t ^*4VI 4x.^-<-ali jLsejj 



UNIFORM CIRCULAR MOTION ^aalUl2Uplfal)l 2£y>J\ 

c>JJb (J^a ^-<0- t.a i . U 4_1 jIj 4 4_£.^^uj ^^31J jLlu.^ 4_j^_c. 16.4 S JSLfa-Jl 

Lc.jL.u3 4 jjjl 11 L—uuui5Lj ij-uCu 4jj-j»Ji 45 j->* <>L>u! ^1 duy>- . 4-Hiixx3 ijjjlj 4 ^j^c_j 4^j->Jt *^«6 

cilj- '^a u Ld^-lc. .^LubLl {jM 1-4^4 4_cj iuJ 1 4_3ti-4 jj^5L 4^j->- . 1.4 ^ <u . nl l l * 

.3jj1jJ 1 j-la^ <■ L ^ i ^bi Lj>j)^£. 4x.j_dJl <L^ILg (jls jL u/Q i _ r 3 


^ jLuull ^-Lc. L^j x; c. LqjIj 4^.La" Ia 4jjj1 Js ijr 5 4_3 c3Lq ^ji 

: fjluulJL 4JUJ1 4_LcjlJI * u3j BjjljJl j^j-4 i?L>o Lbb 



r 


(15.4) 












3q_<i-*Ji ^j Ltt fi t t jl ^ic. rfJV.JLl! 


,-JU \4ijJ! ,k>. <.^,--v , 

. >1^3! <.kf-i r*U./.i 


^3 C/C) ^ J-Lc ^-t. f. u . rw - £t_u^> c).» ( Cf *jJI o < | (’>.4 1) , jS.»Ju-}l , ya i i 5.4 4 JjLaI. 1 v 

Sic. f n^Jl 05*5^ • \ j \jJb Sic. ‘CxCL^i.ua if 1 S.U~ (A J Sid ((Uulx] 1 ^jj^O i) .( ^4io.aAl jjx v - 

-jl-i \"t ctj Vj- j V- ^jl ,j^oLx-A Lucj . V j- v yj)J! L’xa Julc 4_1 x.j. 

4-! aL*_a Ijl_u tir o <g->Jl 4i^x. x-_j1^u.>s.I^ . ( Vj = o i‘ — u iJ7 l *5 i^_L 

: (4.4 <h lid, \ ) 4.1 OvrSl 1 \ 1 .Lxx-'-i (yi. 


‘‘fj-Cl Cr »j -w- (j-5) 


.1.0 s ; />;. -*$% * J 


»=A-A 


Av 

A / 


XA >c.t.xD 5-i 3 


^-6 Av — v j' Vy c L u > . - v y- /».«* Vy Ll I a- 

CjI.^ ->- nil cAx>3 Lq U X3 t Av 4.se-lU jLaul yet b> ~u..u .) V. -f- Av- V y- ^jl i-L..i_>- a , 4 jC^/.«*..U > 


4j—>-^4i cLLd 1 q <—LLLI - r ^ A/' S <lJ -j^ „u i * so. 4 b , LLAJ \ ,i\JuJ v * . ■ y.'> j 

<Jtj4oi 4_05L_*J1 4 _>Lh^ Ll/.L/Li 4.2.-L.fl.^%jl ,tj 5 ^-jL xm-^ i 1 9 Ai? (^,,j..ii f- • !6.4c , iL 

Av _ Ar 
v r 

(4.4 ^hUJU) ^ = Av/At^ ^lLlII i Au J 4..a.x.xuJL <u^l.*li /j.XxSn . L^- . v^^i 


>.V\ 


a = 


v A x 
r A i 


4JUJ1 asjt . Lx^-louxj ,\a 1j^ ^jLlu^- 9 16.4b ^jlsi j) L>?>} 11 L j* 

. 5^>41 j>Lj>o L<iajl j. j t T t u 0^..x.u£i tAv x5l_>ol 4JLtJti1 0^3 '\S >il j4i j J> 1 Av > 





V 4.c.;,.J! ^Jj A/7 Li Jip 9 


. . Ji A/ (B; j (\/V) i_jj)l_5.3 UK ULU ^ 3*^^-3 

: 4_bejJ1 A-xUa (j t At 0 4jI^-cJ) lS3JJ ^3 0-^3 


v~ 


i l £*»> ' ( i..'./2.'j J <** ^U-li Vw ■■ / * 

. a a .. .> i .a],; •, i , $ U •* 3! .xi UU.;3 


:• U'-waJ 1 4_^rXi U-Klu-U 4 jC>|,.vJ 1 KA_>J 1 4_>! ?C_U_L.U ) l.KKj 

.:»jjU! ^_ukmoj r ^ cujss-U 4_c I t yjo v mo.m 1 u^/ r 

• O. ! ^uc.^Ji jJi l 4_<_ai$l—cX <_3 9-*-w^ ♦ L/ T 


f it ^ 5.4 

TAMwm'm.&m radial acceleration 

U5 «J i^kxA/O Ac. v.,-_-jJl ^_A.«lu C-Up* jUjJ u ic I ^)Vi 

till 

a^x-'Ia (?Uj! yxM.j.4 U.'..u < \U/i.^J v.‘.j\x^ Ac. ya^v ]I <La‘i/} (jc LAU JUJf jjb U% - i 7.4 J^LUJL 3.6 

9 *c? r 4_5„;AA ^ ^Jj aLKA 4_^ILli Ll&J) . 4-W/uJ 4_U^u H 4 JU- 3 JI 

: dj^X^-xi i <X 4 jLK lUJ jJJ ^UjjU U^PCiloO 

a = a r + a f (164) 3oKJl aJUjAI 

* c ;7 J» LA-A-U ? Atib-'aJJi <kc, y.v. i) Aj ‘-j! cpi i Ac. y-i-u ^3 ^_uuj! A^^u mi aomi 

a = ( M (17.4) Lu-ULI OLmi 

dt 

-i T U'..«C..-»...(3 4.c ; ...i.£ '. .5 : '., Ac. am..;. *< ^Lmui ^3 ysJiZi} i dyi 3Accjt j I L/Hl/3 L^jUjo b^K^ UK^ 

: AsV-*-ib ^Joal 
V~ 


Cl.. = 


(184) 4_}J^4_*Jl AbcjJi 


^IjjuaLjuJL! 7jUK>il U-^v «&j * ^V*. ajUUU aK 3lit jb c . jU K i c ^ x^u r c. 


• a = x /a, 2 + a 2 ‘ a 


I’ath of 



1 J L 




4-S^ 17.4 JCiJl 


j —ujij 1 jUa .A-V ^^iUI p p ^jW^I 
£)L>oVi (U<jjlj jl < u1 1 t^U>*) V A_Cj— l^JI 

Ua a 41 •*- _ « 1 f ^UukUuVi <jLiKjJJ 05 ^ 1 ah 3 i i 3 
- O f . 4jj^oxIi aK^IIj A-u-uUXi 4 Kj-U 






^jl 4 x;lVi I 11 4 j^jI jJ! 4-^_>Jl (jr S 3 ? . LLL j j, jZjJ >4 4ajlljJI 4-£^_>Jl 4JL>- 

* 

ij $£-j LjLc *L 4x.j»uf ale. i6jjLj£ a^. 1 .17.4 JSLJI Ov- 4 j-^ ^.LJj^jVI y£j-& oLot 

Lojle S^— iLu aj (4 7.4 J£LuJI {jr 3 (^B)j (A) 1 jl_ ai JL>JI ^-ut <^ > 1 1 > 

v ij jt (juiji 3 u c,uL LI) v oLvjI fjj. jJu [JT ^ LI a^ ^Loi *((C) 4 U 5 < JI jJL) tj-yZ t 03 ^-j 

.^^^bLuj V £j-i\£ LI) 

' «rt i 1 4 £ 4a Jj) <1 f 4 _jJ£" 4.L=_«JI (1^ — 0 i4lalj 1) ^j^5o 4 ^lYuil 4-j^jljJI 4_^>—>J! 

4 otVi (a 4 j^jL 4L^_>- {jjii jjjiaJLjj . ^ 15.4 4-LL.alI 4_iaL-4 18.4 4-bLit <24 * 4.4 ^anJI 

<. rt ^i 4.1 jrx. jl>.^ 3 ^ v dL>ol ^LlL LI tLLL ,^j»>4 jLuuj (jr^- Cy* ^ u3 ^ >- 4JL. 

.^<?i^.ll Laj — 0 4JUJI £>jjt L;r B^ JiaL^ Joj 4j^Lb 


4_1)Lj 4-C.J < u\ dlj-ZzZu ^ j m xj 4Lc_*Jt J 4 _C.jm<_uJ 1 4-2eJLd (^_U 4 _£j>_>J ^aLj ^u-uj! (a) 

^JL ,1.<L->J ^JjL- 4 . 3^jL (J js*. 4_c. LuJ I eJjLl-C 4_^^_>. oLol f . 

4jjLj 4_u_«L 4-* 4L?eJtJ LLLu (b) 3j>_j|j <Jj _>. 4_eL_uJt l_jjI_ a£. 4__£jj>- <?L>L jjLx 

. 4lala 4j..<.»L>3 4_Ljtj 4lcjM-i' Julj^J (c) $ 

HJ!i ar >j. ^Jl^jJI CjI u 4iVjLl jlj^ (_yL ~t j <u y 4_Li_il t_ i (j\ C-xj-uLlU {_y& 

*?Lol {JJ s oL^lU ojs>-$ (jr js >r (jt«-<j*>- i 18.4a 4<j 410 a r 5 jl>.^JI ia Lu^-*ib 

0 U3^-i9 >3^1 oil (j^Lil 4_^La 0j SjjIjJI ^jLitil Lj-Li 5 4_^c_Ibj j-LaJI i a i ^>t 

0 Jr L 0 ul 4ajv-V .ucvjJJ JV J^J>JU {^o 4_c_LuJi t sjl^r. 4^^>. <>lj>i_ji ^uSL. 6^ C *< 0 5jLjj 

4_tKJI 4Lutil ^c. (ji 4J^>UI £>Ju& JiitlLtajLjj £-a J j. *~n s_llijJj LiJ^rtlu 

: Cp-b Lj 

M 

dt 


a, + a. 


e - — r 


(19.4) 


4 -a- Hll c_d—(a) 18.4 ^JiLu 4 t 

>J a 4-tl^JI 4i^tit (b). j 
l£{ ale L? ' ~ c7r ' { ^ jL-fi ^,-i^ 

ijr A Laj_L _3 5 ^_j|j cj- 4 L ~»J 

. 4_i Ji^—«Jt^ 4_j_tu#L-it Ir'** * L 11 4 'x- a 

^L_r»ot ^JJ ^ j iu 3 4 *tt 4 _Ljlt 
4 j . i i , , L_U 4_L^J«I Ljj ~ c? ^ ^ 4t 

4j^1!j ^-i-oa_>Jt ^-tTa (j^Lu3 4L_*U 

. 4lJalLfi 


Tt 



(a) 7 



•* 

j.-icitj 19.4 4jjbtii i )! r jltcJj 4_jJLtiJ! 5jLi«Vi . 18.4 & ^J£>4«J 1 ( _ r s ol $y ~tU &jjt> ^3 

* 

- j* ^j_u$x. ^Icuail 4_*j*.lj LojIj 4_rt33 4jJ^$jtli £jLGiji 4isrr I 

# f 

4ijae_jiJlj 4_c.j^_uJl OL^-3cuLa Lu-i^a 4^j_>J ^jLoj 1 Jl^Cljljz 

ijSjlli jULI (j-uj\j}\ dajLJI Sjji £j\ o _«31 4 ^ 45 jGoVI i»-jjujCb 

j-ZJ <_£ JkJl ( _ 3 u-uijJI iLaicij (JLa jTa]\ (jr* 45 ^L&GI £_G>jJI ^1 4_Lc-5c_ii ,j r u L^_>»jLILa 

4 ]&aj& SjjljJt £JUb /jl Tya 4-LiiLu 

. £_GajJi 4_?GLt 




i^fc^jUU 3>£ 8,4 JLx4 

4-i»Ja^Vl 4aJjL>Ji ^_uG C.<_>u 4-0 y<>C. S^jjj 0.50 III 4j^io Jo_jj>- cJJ^ia ^_y 4la^jj-a 

5^54! 4x.^_i_Lj ^I^Ji 9 ~ 20 4j^Ij lLuGJI ^JLuau La-ilcj . 19.4 J£gJI ^-4> UfT 

. 1.5 m/s 

♦ 4La-**- 1.11 *>JU4> 4 _Gc_*U 4uZjl\ 4-^0 (e) 

3Jl_l>> LuJlJ (j^Li ^ 4.4 < J^l.m‘i]l 4_>L>.1 4JI_>JI *? Jab ^ic. In > 

jjy-Laitj .4jL>Ji <?JU4> jjy u_ Oj. In.) J_>.G LxLa^cj 19.4 jSLlll .4-£^->Ji ^.Lu) 4iat-<Jl 4_rGGo 4 j^ j5 
t^jl ju>o ^ (jAj t r = 0.50 m a v = 1.5 m/s tSj^ 18.4 ibUUj 4L*uJi 

u 2 (1.5 m/s) 2 


a, = 


0.50 m 


= 4.5 m/s 
SO— 20 JulC. 4_^UII 4JL*_*JI 4_4_i£ La (b) 


g Sin 0 l ^.1 a ^-4 4__i i^/lx-4 4-i-ar r. L$J L>^» 9 4_jjl^Jl jJlC. J^S4| l_<3 jGc: : 

.a t = g sin 20°= 3.4 m/s 2 .0 - 20° iiiljJj .(s^jloU i^Uil g ^>«) 
. 0 — 20 JlIc. 3 (jjiil! ^jUuuli 4iarr. ^Laolj ji J_3 >j 1 (c) 

i 0 — 20 Julc. 3 4.^- iB 3 — 3 r + 3^ {j\ 1 

a = Jaf + a] = V(4.5) 2 LTl.3) 2 m/s 2 = 5.6 m/s 2 

: a ij\ j ( _ 7 J» 8 Ojlfs Ijlj 


, _| a, _,/3.4m/s' 

<t> = tan — = tan u 


a r 


4.5 m/s 


37° 


(4-jjjtjjtJ1 1 5L _ mL _ u Jjlj tSL ui SLJlt ~ JjVI cJ-*JQ tU^uiJI 



3-^5 ,r d^J^j 4_iU_» 5 jS 19.4 JC.t.h 


dl_ j _i, «..T> j .3 34 * 

Logir j .SjjIj ^ S^SLH LaJdc. 5 g,; Sttj 

(j! -3 (6=0) ^4_i-jjl jlIc: Sjilt 

■ Uf. gj 4-o^La^a 4. i Sj-a < . ~ > ■ ; a = 0 

4_i _iili jl_Lc Cl?. I_ (j•4-s^>-I 1 0 J-&* 

. ^l# ia j4 1) ^ \ i 

t^yZJ 4-j bL£~ 4_£:j—<-u I. 4 I S^SLJl C*_>L£ liilj 
cif ui-^ {0 — 180 ) j-juo^—* (jr i_cV 

^ Cl r (jQj j a ^ A \ 4j^L^i_4 

4-^.4,4 4_laj^JL] i JJi> {jy j^ y <j^S-> Cu > - L 4 I 4 4j 4 
{j\j —a_4 V! ^/u*—(jr^ 1^—u^-lj *4_$j *—u2> 

J la t i= g Oj^ (0 = 90° i0= 270°) 

.^^jLuail fj\j 4 -» j4 d f . 


I 4 J a C J ^_*_e 4 j^i j 

• df 4j_i^uLq_4 ^ 4jJ ^a£. 4_iS^^c 


1/11 <fl A^»>uJl \ 6,4 

RELATIVE VELOCITY AND RELATIVE ACCELERATION 


'> J ‘ 5 O } ^i~i -*-. 4 j Cj^Ll- ^ , u :J —3^_A> LLx! I —CjI t < 1.^1 ^o-u-dJI lj-A> 

(jj_. ,.j *;j Luj 4 3|~ -v ll gidjjiVl j]& I 3>J4_coijJI 3)1 jLd>«j i_a_jjj . 3 * At" 4 - a gLuj/j (_^jllat ( _ ;T a 1 u 

O 4_^aLc 4jt I t a 3 . (^^u»>J( 11 a . 1 j ^\juja ^ t d .-.I" t. a 0^1 .y c j .CjL ^.j—lu iCjL>.|j! 

.•UuLSii jjtuJl jdi-^U 4 u.iilLi UaIjl>-I 


dUJVI, 


ij (_y3 oy&J -OrUjt j < " o' Jl—iit ij^- 0 o^- 

lt^ djl ^ i ,n 1 1 4 x.^_j^j l-Lu^fl aj I ,...t t ^a t^X IjJU d , ,,..n . .60 mi/ h j 


50 mi/ h c: 

■ 10 mi/ h 

i^l. 10 mi/h t ~ < " , jU 60 mi/h 5 jLj ...ti 5_c ^., IM ^<1 ... g_ualj ^,.j jj 

u\£. , U‘n .1 ^od>J j-uajd ^L.j.1. ill JLii! I jj» 5^3-=*- c4^ Lq-A^ S Lx j-r i^< 


3.7 

-ljj j-lULi j 
UJ^ >11 


. 4_Ln jLLi 


4-Sj^ Js> j_5j (Observer A jl^Ij) 4 ^ gJjJu o' a 13 >3t 

JaAJl ^<u l _ ;r l c -l tjJj I j11.Ij L^jl^ ijub aUjjil jLLsV 4 i,.,ilLi 


jA, La^ jLaq^o B (3^1-u. Jl Ij) . 20.4 3 1 4 ^ 

4d>oljj 4_^auij 4C.JJO, 5^i! iB Ju^l^jj 4 J .... il l 4£3ieJJ 4 ..ll,uUj .20.4 b J’v i~i T Li 

,4_jist 4 jS3«j (3^ I ||V 4_uiL»J! 4jbtCJ ^lc.^1 4 _uIjluV1 4x.^J! jj^a 






LaLo»«^J 4-!L>Jl & -A A t4_jjlj 4-C.^-t-uj ^ lLx) f ,ts> i t-vl n / ,t j ft L1 i J ^j>-! ^Llki 

lJf 3 c £\ 2ti$Jl (uA s £j-* Lq_Lu . <>L*o ><udu^x J^jJLuaJi 3^SLLaJl ijr S Juuz\j tSj-* • 6.4 Jli>o 

LkLs I ud^jtoJI (J7 _S 3^LLui Cjj <ft i»l l jj £-LaJL£ ^jl_uu_4 4_7tjL>. <.'i ka.u..u 

Lcua^S llij kiJjj) 7 >^/La JJL-yl ( jk>j}^l_5 ^uLxj^j / < o 11 JjjjLu^Jl Jo l a i ««i 


4_a^iJLo (JLq-a) 


u* .21.4 JSLrJ I A 4 ^ .< 11 j-ki ^ iL -±- j..-^lc- ! 1 La 3 - 4 .C i 4 J LxSj 

4 jl <.a_iIL j dxjlii (Reterence Fr^inc) S jLi 1 ! ^LLo! .j—>. 1^ t^j^x 1*0! j 4.tn.<.yl^j ^ ^ ^ ^ .>_? ^mi 

(^^IojMJ 4. i_^ylib cdJjL^j) S ^J] 4—t-j.ai 1L (\W-iJi 4,^_-v S' jLu-u^M jLlot {Jr Bi 

Juuol^Jl i. <3 a-i C^ p . .(-Vq 4c^.ai > j)l_J_u_21 S iS Juki Jlx«o 1^JJ 4_l_uuJJLj) Vq 4k)lj 4x.^_i_aJ 

4,La^i.) JLuJ i j jJ^ £_jl4>j j-A I 31 ljul> 2_ya j £-^_kojJU i J gj 4J 4_9*^i_£i V jLk_ul jlloi 

• 4J 4juLl1I jJ-udVI 


i’.uh M-i'ii 



Ly ^ tUn Akij ^lt3 i -i_4-ulj CjS ijrAjJ <£j—xLla 4jj-c. ( _ ;r ki A J_udIj (a) 20.4 ^Skuil 


• 0^SLJi ^-Ll3 j\-tM A R _Ltolj (b) 


t.la ~v- jLjj-a 


Jju Liljjj tT 4__^k4_J S jlL>>U 4- j -L-oJ u jjj r 4j ^JL cJ S 4..^mlll_} ^_Lu_uSJi ^_ksj2. 3“ <5 > J 

jl r — r'+ Vq/ r ; j r j-ud^JU ^^^r» -a 4 ajj 3 (j^i! . t 4_xi>aj Bjks 

oLuljcv^Lj ^JlJL>JI r' - r - Vq/ (20.4) 

• Vq/ jloiU-J S £y* (>US_Ji 4_^ S' jUo)?l J-I^J t 4 jI 

: (jr Li isT)~zlj 4kjl3 v o i ^4^11 4.> . ii ; JU 20.4 4JjLtXI JxioLajj i u^ 



dr' _ dr 
dt dt 



1 lSLtaL u i A iij i j t t l ~ J^Vt»>^0 


V = V - V 


V 



' 0 (21.4) ^UJ! Jjp^Ji 

& S Ju£. 3 Jj^-x-tO^J.! ^ j < <i ->21 4 c.j_lu V CL u^ 

2 20.4- (_jLuljL«X 1 .S jlLc. 4-3 c.j —uj v 

j_ 2-2 L>J 4_^j_>Jl Cj^'^jLjS^ju 21.4 
^LL^j^j L*a$ .Galilean transformation equations 
Jl 1c. L<^_i_uLl-£ J. \c ^ t < n >2 4_£.^—<-2 \& £-uD^ll 

£^U3J-C JLLc. <Li_ul_3Xl uillTu 4 -Uc <J-lIL> CdU 

. j ^12 d 1 1 fill l_j d 4 t^3 i a 4£^2e-i 

Lla i-L.^ i u 1 ±llJl£LJ JLl^3 1^21 ^jj ( 2 )-d fUlj 2 l 

La jlLc. 4_L*u 21 O^-i jjl i iij3 > 12 V] pj < ti^cU 4 - g . l3 h tLjz 

f.\j —>-Lj tiiJj jii ^ —ill ^ dig . 4—3 jIj Vq 

: 21.4 4Jj>L*-ol! t 4-u-uJilj jJ-uoLolil 

d\' d\ dv {) 

dt dt dt 

-2> LLi 2 j 2 j . JVq/ dt -0 <4_L>£ Vq u! <^h^j 

j-Jw( - L uolj ^( 42 ^_u!^j 4_i_ul_3X! 4_Lfc_*Jl ^yi^u Cr - ^ Lr^ 4 I^j 4_iu>i2LU ^ ^ <u >2t 4 . 1^- f . 

. ,y^> )^U 4ua(lb 43 j13 4.C. \jlm^ dlys^jjt 


4-La^-U t^J (A) J-U2. 21.4j5^i> 

jUo] iS 0-1 Ij jlXaj L<uk J->»1 (jjOuoij 

1 4_3c_lll^ . Vq 4-X.^_4-u-i (j\ a U1 ~i i S 

4__rt_U_<3 r ,S J 4_t < || lil_l ^_i_i-a_>a! d ~ r~i a 

S J 4,uiu1'li djuSaya 


d \ 1 

01 cJj^i a= chi dt 3 a'= —o^ a'= a oi * 

dt t 



1 j ■i .ii ~ 1 , 1 (JjLlJJ 3j_^JL!I ^ys UL*_ls JLj 60 mi/h 4 -cj . n i t .~i 5jLu« <_ Jlj 

(b) _j ^sLui .1 (a) 4 l - i< » I ^j L»^ oJj^dl (_Ji 0 -^ i-iJj-stjj UsjlIc. 3 j_^sJI jl ,„ a 
I jl Cji.v -a-.j I IiL>a (c) l—oJut£. ojl j << i l l Sjl^Lj ^j^UI t—^jLcj lJlsIj 



JjJb U 4*—1 



► I 


9*4 Jll* 

j_lX Jl— 4 <',<ill 4_t_ >.Lj _a 4_ar " ) 

.^L-ail 4.i < uijlj 10.0 km/h 4 J?1 La.^ 4 x.^_4_oj 
4_l_>.L j 5.00 km.h 4 <il^u<i 4 c.y —uu^_$ j_! 1 sLll 

4 1 -i-u-liL) t— jl i 4 {J\C- . ^y^y 5U 4_t^u-JLj I 

- I i ^Jc l -i2 42J i"a } 


rE 


^ ij—£a U 4_ 1 —Jt 31_> 


r br 






Lo J£^ . ^jLjL.43JL*—*! ^ySy^iA 4_i_cu-illj y ^ O! 4_C.^_4_u 

^y-^>j5LJ 4__i_i_uJjL j < ,5jll 4-£:^_«_u i a 1—m **• 4_>. 1 _t,.^j 

: 4 J jLlXLj ijr Lx»3 olxftSLH fijjt 4_s51-*JI. v^g 
22.4JS^I v bE = v br + v rE 

.22 i J5C t*nli <_y3 4 j*_l^j^g CjL^lU oJcA :4jsc_!L< 3 ulu^ L^jf 4 JjLlL 1 4^JL>JI 4Lal_Jt>5 4__OtJ 

4^t j_yjb L_<i5> 4 jj!j ^_u s*\\ V^p 41 -vj> I 4. ? e-j - a a J^-LaJI 4 -u v Lj Vj.p (JLa-iIlJI 4 _l>- Lj Vj^ 4 j-^SL!l 

4jj-la.i ^1„1 V " 4 4 >Lj 4__j_4^jJl!Lj L-afJ. ^1] V^p am . i I jiLfc . 22.4 J£_tli2t ^23 

= j(K)j)) 2 + (5.00) 2 km/h 




= a/*V 


2 + v 


= 11.2 km/h 


6 = tan' 


( v . \ 


tan 


'« = 26.6- 


'•>* v bE ‘’^‘*3 


1 10.0; 

3 4 1 >»tlLa I 26.6 ^L>u! 11.2 Km/h 4 Mt^ a 4 ^>_mij c_t£jJU cL/^slu 

• <>j^jjlI i_^JL1 <Bj «~i 1 «j ^jdi (jjijJt <_■ ■»-*.! * 3.0 Km (jl£ I jl 1 

. 18 min :2bL>-Vl 


? 4t£Luj jl u c >u ^gl 10.4 JUU 

t(JI 0 hill 4o2vLi L^seXo ill 4 ..... 11 . 10.0 Km/h 4 ^^uJl ijita'i) J^L^JI Jl!4l (jySi cdj^Kj 151 

SLj t, 1 •‘^—t La 4 23.4 JSLcuJi ^j\-la ^-4> L^ 

• «L>ol ^ v bE ojZj (jl v br v rE ^«i»j (JjLuJI JLill ys La^ 

Jl 4 mi! 1 *L>u S^ojL-ljo Jl 2~i i>U jl-t."41 c-<LkIIj (jl t-tA-t jjf 23.4 J£LjJ1 (>uj 




ISLyLutSL u USLdl - JjVt»JjtJt) 


cJiU 4_u^Uw —23.4 JSLiJi c»tM.t^ 23.4 (J£2iJI jj^w^J .1 cJiili i^u ■.Ip>*>.V 

v^£ kiij j.^ 2 .LLl£ 4^ ^ f » i LojJx. till jJ . _j jjVi ^ jJij 23.4 JSLgiII (J7 1 


: (jr ic- j-t-arjcj 5jli 

y bK = W+ IV = V(10.0) : + (5.00) 2 km/h = 8.66 km/h 



i t'O 


V^p jl. \-a a iLSj-juu <jVlj 
: oJL>.Lj ^jJi 


6 = tan 


'i^iii - 


I*, 


bfi 


tan'■'(—) = 30.0° 

\ 8 . 66 / 

^ 30.0° „L»J V. cVjJ.t .1*1, ji 

, I jJ L.4- 2 2 \ 

1 *3.0 Km j. ^ ill jli" til:2)ji 

. ^ ^ 1 11 J|J^-L*J C—1 43^JfclLd_uJ (j£ 2J I I 

.21 min .5UU.V1 


SUMMARY ^ilo 


4-ic. j-lm ^ t I" f - £-uaj-a ‘UzHjij \■ 4_c.^j_uj 3 4_Iulj 4.by *.> dJ(1st 

: (Jr A t l j r a j Juu 4 « 


v, + a/ 


r, = r ; + V,/ + 


a/ 


(8.4) 

(9.4) 


4JuL_tJi CjL^c_iX1 £>JJb {j-a { J^ i<CL>L j 4.1-r.r. j^jLj Oj>.j Xy ^£jGLdU ^jJUd ^^3 4^-jxJJ 4t , niILt 
Cr^* L)^* J O? *^1 ^^3 4f>j. -*-11 <>Ju».tj —^Cl^jX. 4l3l£La 

.(^CuS^JLl (j-uLfc (j ^J |<uu> l^UkL>i->l (jr^ ^>>41 


'®y ~~8 J ^JC~ ^ < ~<J '’* - 4lL>tii 4-Lt-£. ^_pLG diJ>o j^_5 JLjus ^3 4_5^_>JI ^jb 

(2) j X ^L>lj! t _ T 3 4lbl3 4_c. j~lm (1) £ja-zz-a >t ^ylc. (_3jjLflll 4 *i 1)1 J-xlli fjfA 

L_^cj J . g= 9.80 m/s 2 Lfcjl ^yj] 4 HjLj 4lrr c jjjG C^j»o <>L>t_sVi ijr 3 Joj) a >» 4lj^>- 

• 24.4 l i 4 i-<-uI^J 1^ 4 4x.^. tull ^3 4 £j^>J i 

% . I 

^-ulj Cj^>u ♦ 4 ^ hi 1 1. 1 4j^ 21 jJi 4 _^j>J! 1) < n i F Li^_Li3 c rt i &j2>\ I ^3 


(W) 







CbD 


a r ji jJLo jj .^ L *- t -' V oL>ui ^jV 4 ( 2 ^. 4 _l_^x. 

a, = — 08 . 4 ) 

r 

. jji A-p-ij LajIj i_ 4 AL>ui 


pu u ^tii 03 ^ £-« V <?L>ulj j\ J* 2 j 6 L$i 3 jj.it “n 4 JL^ia_i 1 a jU.<>. a ^ r kl ^ - u u.^ - ! jJ 

L r u-toJ SI 4 _^-~i aI! 4 _ij..l^ a i .-i un.il! ( 1 ) 4 _ 5 &ILo 4 A 4 l^r r 4 _rtlj _4 

V /r t _ 7 -& . V 4 -^-t ^ js - t -i t T i] 1 i - < luu~ 3 j 4 ^~ 1 . 4 .U 4 _xj_uL <^4 4 -&jj& ( 2 ) oj\ ^L>ol j_uuJi 

j-oJub t hj^ CP-^J (j 7 jLi-o^c 4 j pj i a y 4 ^_>J <jr jl_j _5 p-^j p-*-vj-> <ji ^ 1 Vi/ dt (jr A 3 ^ 4 _g .i 

. ->J 1 jj »~n LqJL^I AiscjtJI J 4 -C.^mJl 

(jyjs 4 -uuL 2 i 13 ^ J Lij 'xjl jj^aJuJ V £ Lj 1 j I II T L> S jLu-uVl ^Uoj 4 _ml. oi, 1 ^ j<lj UI '>J V 4 -£-J-t *»-! 1 ; i \jjt 

: 4 ii}L*JL» S' tiJ^dLo ^l_L_u] jLLsl 

v' = v - V 0 ( 21 . 4 ) 

♦ jj\ < 1 . 1*1 ■>■ A ji_Ljjj < rilVl) <J_>JJ^IiJi . S J 4 -U ulllj S' A£Lj-lm Vq “ 




Horizontal Vertical motion 

motion at and... at constant 

constant velocity acceleration 


4 _JsJ 3 ^! /_^J] a£jj>- jJJLkj 24.4 JSLjJI 


sil]j4_Sj _uu-j?di 4 gIn. '*■ III 4—«<JI (^JU 

. ^j~lm ! $ AIlC.j^j-u ;.I^ i u j^-A 


4 i.i.>- 4 -C.J-LM L^.J. 6 jjS >2 (jyliii 4 iL>Ji C- 42 -UDjl —4 

If 

4 j*~LA Uaij 4 jJj^. 4 U~ 

L 4 ] j 3^3 4 -aJLoJl Cj 1_4 j. 141 ->J I i yA (^1 wi | 5 [ 

^_u_oJs- (a) : I 4 ] 0 )\ ^jL-uJ 4 j j g X 

^■1 1 n.>~ (b) 4 -ILilj 4 _C-J> tM.) 4 -u A tlv%. ijT ^ 

. 4 ojU 4 alj^i-u_} ^jszSa J j 2 >~ tXJ^elu 


QUESTIONS ftlual 

4 £-J -*-n t— 4 \ I ^1 £j Lt-u-l) jj I 1 u *vJ ^SLq_) 1 

Cu_iL^ l jl £jL<-uJu Cj\ ^ ^ S 4 _j_>Ij 

S 4 ILiLj 4 _j_aLtkj , ^I fCt^j-LM 


j \S3 ^ 11 1 ^ ^ 4 £.J—im '. U LIIJJ^A i 3 j 2 

4j>. Ij] (jX. 4j j n3 Lo jLc 4_yxvcj 3j_Il9 

Sd^LoJl tiilj (J7 3 1 

^rvlLvij JlLc. pi m j- £-un j^a 4O I 4 J ^3 [ 
&jJ>. Lj ‘ 4 lIaS C^alcj (jr ic. 

^j! tv "t ml (Ja t MJ 4 _lo_a_j ! yji J £i "t jLl \ 




ISLtaLubAlIj ISLuiSoXl -. 


j^Lc. <-JLkIt jjl M— lx —j_oV! iJT -c. 4L*:_ 




1 1 .^li j — 4 —oil (j 


Iki 


<_l!j_sLu La. 1 Ic 4 j4j a f 4> tt.c. 4j (j^SL 
4_LLt_a (jr ^ j_A> La <?ji < .1 a 

VIILJ! 

3jk->.^jl (_jv 3 jLJ 1 j-A> La -12 

Sj j i s^^JI § j r 

i.xu 4 —4_j 1 ^ i Jilil 4_Cj>— i_u -13 

4 Jui> jJr. jL_uLi 4 ~l->- r ^jLuj Jjfc Ij. 

S3, L3 > 11 

Jf 

. L-< 5t ^a ^jUu 4 4 3 L)^ 0 ^ 1 Lj —14 

4 In a lil ( j-oLj JlJ_c jLxu-uJ ^aJLjj-j 

_^t dijLj t_-t£^J,l <ji_L l^j 1 _a_jc j, Lill *) 

?<GjIj 4x.^_t-*u dJ^cILa 

. 4^3 Ly3 (^y-Li ^yj] L Li If Ij <—3.1l3 —15 

4 \rui 1 j_u^a <_yJL 4_jw|jl LlS^Iu Jj4> 

4_c.j_^ J a ~< ju S^LLuJl CjLuI JUx] 

Sja-nVl 4 _Lx3_i j^u^j^a iJ7 I^ j_?t_>J] 
^ylrt-La Jjp- 4jj.iL j ^u~i (jl l jLa-> J-A —16 

. LLL S4l^rc. 

( 10 i+ 15 j) 4_ul JlJLjI 4_c.j_^*ij 3jL Oij.3 —17 
4.. a - j 3 0 4i ^yJJ J_t-£U LajL^ .ITl/S 

^- "i ...Cj , < it ( 3 ) ^y_& 1- 4 * LAjI .. aoI> 


(b) 


. clj^JI 4_ajLLa jjjG ^Ja A>l S1 ^"<1 t>- r, 

4^_u^h jLut-O ijr b >- lllj. Jt ~M -18 
(b) S4Julj |ft ta >J 1 4_C.j +m jJjfc (ct) U 4 _HjL 
S4ojIj 4~ Lt (J_A 

c 

1 j-_a 4_u— x —a 4-jji^j 4 _L_jJl_3 Ci2 1L ', • x9 | 

4_ajlix tVj 4_oj1jujI 4.£-j-^ ^yL^Vl 
f\uu r^S 4—LJ—oil ^J^al t "n ,J_A .clj) ^11 

(^y-3 4 -j- 1 La S S^__>. IL 3 L 11 Jca L ^-uJ 

^LoVl ^yJa 4~l>r Laj S^y^-ofjJl i?LoVi 

s^Vi 


^1_L-tLl 3jL-i_u :4_aJLUJ1 4j^_Hi! —6 

. ”90 mi/h 4Ll3 4 ^ 

L^J 4_lI1_jJ 1 4_^j^t_a-ll ^,1. 1 <1 >.^1 ^j-a ^1 ^tC. —7 

: LujJL ^y^LLa ^-L-3 jjLua 

SjLLL (b) t^jl-JL-^1 ^L>ol lJf 3 3LaLa ( 3 ) 

(d) 4 ts\\A ciJj^u ^jLu3 (c) 4_<_uLa_j 

Ju -t-i3 

■ (c) t^Lsjij 

. c L L^j 4£^j 

-i-O cLtLj il I —8 


^^LLVi j_*_) 4j1— 

^l_3 (^yji Lj-JX-Iu a_3^jL-La 


SjL 1—SJL3 4 Iri >d ^yJ3 ^ 

4x. j> < n 4_1 l a ^ i.a .^Laj^jVl ^ n rt > l-t-^41 

Sj^ajVl 4j^x^j J-lc. 

<L£.j-ux1 cl iJ^Lx cLai 4_Lj Jljuj ^3Jlu [ 9] 

4 M a «<i,l! u-ijL- /kjr 3 jLL 5L_s^3j . 4J1 jIj 

_ * . * * $ 

^>L>ol iJT £ 4 ■ . A ...11 LbLj Lc.jL^ L . H . . ^ 


~u ^aJ . 4_ul JlTuVI 4^.^. i iJi ^yl c ^ a c. 

4jJij^a c. 4i_?c«»Ji crdL LUD^ i4-Li_a_cuJI oL>ol 
£u jJi La .4_uljuuV1 4 ^c.^_ljuJ 1 dLol ^yL. 

$4JL*»J1 eJJb ^3 4-ltLt-L 1 oJlLLj (^jdl jLJLl 

# f 

4_uij wIjuj ^y-Li^a 4 a 3 ^j_a LL^l alLllo 1 —10 
^j-Lj L_o_31 i clLIL 1 

( _y4 4-LL jlLc . 4uC^_tLl 4_L_LJI 

/■ 

1 j-l*. (jL^LJ! L^3 t_3j_«_u 4 _£^j>J1 

4-C.j i-gj ^jVI j> j-iul SI a $ t 'ri * d 

^_a-> ^j-a^_Il Lwa S4 _uLUI ^ya La-ai^ j t 

^jVL ^jVl 3jLL J ! ^LL_jj! 4 Lx! 

/^Laj Jjk Sj^ajVL 4 -_uLjJ 1 ^ILujl 4_1 o5k]j 

4 i j L 1 I dt i ^ ^ ^ | 4 « ti 1 1 i L rt i ii 


o-“Lj ^ U» (jL>^-Il J-^Li 

SoiajJI 

(_yC.LL-aJl ^ 4 211 (jij ijjLLuil (_JUo (JjLscj —11 

‘LjLL jl-^-0 ^ (>3jV! Jj— 

4J LUjJ j 4_jjIj 4—^) < .i ) ijlj jg, "nj 


Cle) 




4 *— t :£jt 


< 3 > 


j. /jjlll IjA*- 3“^*-^ J^^-^gJl 4jL?e_C. /ji 

.(1.6 m/s 2 

^43 ^jLta-jO J^L>- i_3jjJLa LiJ^_ y ~ i LaJutfl —22 
J-Ioj CjI— J .—«iill /wO >^\ j_Lj2 

(c) <4.\*yxll (b) t43.lLa.lJ <Lc^_uJi (a) :LjLj 

4-+£j1\ (d) l 4_ C-j t ii 11 4__i_3_sVl 4... i. ^jX\ 

^4 l^jr.ll 4-u.jjjjJi 

Jinaj, g-i 43 jLj 4x.j_^-u_! j. j jl La.4 t_x5>ij —23 

(a) J 4 w>wlb 4 ?* 1 U 4 1-^vC ijr A Lo . 4_2 jlLo 

(b) jLLaJI 


<>1_>oVi 30 4_>3 ijj 4_ iLj j_•£ CjJlLLJ —20 

J_Ic. . 4 _Ll«_ 4 4311-V4 4_blju_J 4 _c.^_4uu 
<0 Oi^f l£>-^ 3j$Ij tf! 

4_J_jljLlbVI 4-.r.j 11 Cj_>L£ i!i! ^jJJ 

. J 34 JI 4_x3jLLq j-c-^i s^^ciiLnJI 3 

4_ol Ju-il 4 jC.j-_<_uJ j^pajVI ^lf- 4_3 j 5-2 C> 3l.b» 1 —21 

£3ji_ uz> jib I \ _, 1_ a 

0 - L q-a 1 131—5 . 4_J! j_IuV! 4_ C-j _laJI ^j.h3 1 > 

4j tjO * J 3 -^J 1 4j5jL3vO 

l .4-4J f 

.PROBLEMS (tPlUiss® 


. J-ijJU ^lis (_^>Jl — 

http:// www. sanunderscollege. com/ physics/ •. ( J& ->>>-3^ J>JI = WEB 
<ijlt~ Lflj jJjLciili J>. uS ju^jj (_yJVl (..■ i.iL>Jl — 

f AAt> <rA' = □ 


4_jJLojJl djCLaJi J5l_>» 4_c.j_coil tLa<uj.-Tt—a 

aye. (b) J- 4.00 s t~ 2.00 sj^o 
. 2.00 S J-lc 4£^uJi3 4_j_A>L>oV! 4x.3_<_ujt 

s 

. 4_j_uajfc 4-2 Lv /y3 SjJi 03 jJ* —3 

: ^/C-dbil ^oLS^L*JIj £yajJi y 3 ^ jjldJLI 

x=(18.0 m/s)^ 

y- (4.00 m/s)?- (4.90 m/s 2 ) f 2 

1 ^ _ ^ 3>s 4 1 3 _lj_jo (a) 

4j^.?L^ 1J . j 3 i 4JVjLJ 

4 *1 <3 (b) fjfA \j J i JU t—uL^I JjL < Jl 

4_^tH_4 (c) ^ Jr 3 4J1 jl£ 

CjI ^ acJLa 4 JIjl^ 

(f) 3 4_£.^-_i_uJi (c) ^_Co3i.^ (d) £_y£. 3—i-JLJtdi 

. /— 3.00 s j utj ^jLuij 


1.4 m ^ 

WEB 

20.0 4_c_3wcuj 4jjlit_} 4 j>»IjJ ‘-r^J ell j. sr *tj | 1 j 
4 -j^Cj 3.00 min Sul Jl x; All m/s 
^ 2.00 min IjX 25.0 m/s 4_c. Lj^L 
3jd 30.0 m/s 4_c0J3—<-43!^- 4 CC_Hj 
6 c=r ^Jl 4-L>. tlx *> ^ 1.00 min 

(b) 4 _^cl >3 (a) ^->*3! 

. 4-L> t <3 ~ ^ i 4_ c~ j .<nl l (C) 4 U t .<3 "1 ^ t 4 ^ 1 .il l 

X J L- 0 - 3 JU ^L_>«jVI 03^0 33 -j>di 3 -itjl 

. Ld^Cu 

—T" * 0' 

r= xi+ yj 4__JL 

</?= 1.00 m < <2= 1.00 m/s iy= cfi+ d j 
_>.1 (a) d= 1.00 m *c= 0.125 m/s 2 





ISLwUuJilfj ISLolSLjXt - (JjVI fjj&Jt) 


3A(diik7tU AT ^ d .ij 


' 


ul)l—ul Jl_3*1 —4 


-J ^ n i 1 v. ‘ C 8 

. i/-jj 4^ i_ uuJl 


(ja 12.6 m j_*_3 {jr lc. 

35—2 3.00 syLii 

{j! i_ux_s 5^Jl 

!jl_ia .JiVl ^4^ 0.33 m ^_bI ,» x> 

4_ 4 4 jlul jLSJU 45L_jJ! oj£L}\ Cijl—I >.1 

jJcC. 5^33! Lli^_J>0 4_C j,_ UJ t_4 t L&jLuu_/3 


->> 


<-sa-4 


Ul^H 

-9 


^ji c-aj^—C. C?-^ 1 <3 4 JLjIj £u. 

4_ijijJijS <ul^_hj Luis! 15.0 m 4_3 'lx^o ^_d_£LJ 
^Ic. ^>J1 Jo y i nil ^jLcuj La . 3.00 iti/s 

ijiA 

*Vl U»i J—<3 Cu x_i 4 —ojJl_9 3J3oj 110 j 

3 .^aj £L£*jI ^1^41 u_al_*-^ 1 ^ ^ Lt.gj 

d.L“uL>> 1 ^bur 1 53^-kVI 4j^tj l 0) . 4_til 

. <L)J t"uC. ^l^jl O^Lj J^jjv 

ijr l j _a 50.0 m J-*_ lj 3-^1 b>a “11 

—>• (Jr* *Ltl {y* jl —y 4—:>.^_J 3>- “i - ^J 

J_4> 1 4 ,5> j^jy A 4^1 ^wC 30.0 

4_c.j, i_u Cj_jLfT 1 jL_a . P 11.4 c3v—^ 

^l_J_3jl ^l -L i x. .40.0 m/s *LM 

S t _ T ljJLi ^U.1 

y-y (jy d 4^1 < 11,4 juuu 3^0o-o 3-^j 4_>.^j —12 
*UI ^ IjLu 3 j3L^j 
<* 11 1l—i uyy 3 -^ 1- -4 5 LT 3-S rf/l ^0 - 

t ^^4Ul4_cj—I aLs.P 11.4 

S-U.I h ^1 J3c 


:4Jtlji oVj>Lx* 1) 1x3 6-^ X>2 jyu -j 

A— -(5.00 m) sin co/ 

\- (4.00 m)- (5.00 m) cos 00 / 

. (Second) 1 ol co 3 ^1 ^idb t cu> 

4_be_*J 1 CjLcL^s^ CjLx^juQ (il) 

>3°^ 4—5t_aJ, CjLjS^Lc L_^i (b) . /—0 JuX. 

ijyj ^ 1 Jcic. 4_l_?t_*J I 4_J5C_1>3^ i4_Cj_ t _uj] 4_^EuLa 

.r>0 

—ujl ^-1 C ^Q_<_u_>Jl ^1 ‘ '< ^ (. Si i^~> (c) 

.Ay 

2.4 fiuuS 





4 c.j _4_IjLj 


jlL _c t \-= (3.00 i- 2.00 j) m/s 4 _u!jJ1j1 
. v= (9.00 1 + 7.00 j) t- 3.00 s 

CjL_u^A_>.1 (b) J f «..>JI 4L?r C. (a) JL_>.^ I 

. t (jAJ I Ju£. ^-u-u->J 1 

5= 

Lx_u .X>3 ul^- X-3o ^2 4-Je_ 7 u--a j uJt "ij —6 

jL^ji (a) r= (3.00 i- 6.00 t 2 j)m 4_a5L.«ll 

1^3 4_ItjL^ ^jL ^.uTJ 1 j 4 f.j>—m-Ll 4^5Lc- 
x— ud ya — c. (b) 

./= 1.00 s 


4 _13— 41^1 . 


J> iC (<u— 


4 _jjIjlIiV! <clcj_ lmj a= 3.00 j m/s 2 

..2. a (a) <jrj£.. v~ 5.00 i m/s 

(b) j / O-^j -cLc. 5_ c.j _.J! 4 _ ix. —j—<sj 

./= 2.00 s jJx. ^L-Uuuxil 4x.^-uil 3 oLul*dl>.Vl 


C 5 ) 







^_yB 1.00 Kg 4_-^ Lu£ 5^_5 cJii > 1 ^ 3 -^ <_<-cV “14 

. 1.06 m ojh ULuXl jLcu^ 

( 3 ^-c. • 20.0 m/s ^j^Al 4 ^ 1 lo -o 4 _c j-ljj 

lJlcAxJI £ 3 !—uj. HU 4 —<3 j—3 .31 


(Jj —*-cj 0.500 m oy U 4 


-oj jL-Ld] 33 j-j -15 
>. 3 ! .200 rev/ min c^l 3 


^Jl_>.! 433 - 3-4 3 . -l » t - o ^jL/.» ujlj 

4_b 13_2». 4_j_jvjjLiHjl CjLcl^-iJl 


at 3j_3. 13 <LoJ : 433 JU j . 

.( 2 jtr 


5.4 ft iiiStl 

^y3 , i , i n 1 L^sJlJlC. 4 *i £-j^)LLa_3 /_j to 1 * “If) 

90.0 (^o (^^aLilci! * jLv i_kLo 

< 3 ^ 15.0 s y* 50.0 Km/h <3! Km/h 
(jK 1 jLa .^irciil obj-^ W-s j ' • ~ • »j 
V-..U_a .1 .150 m ^ux .J 11 j.U 2 t 1 

4_c.j_t_u L^. j-3 ^Jj^j j^ylll 4 ]r\ Jt 111 gjL^uTiil 

jLLl2J1 ^jI .50.0 Km/h jLLuiii 

6 yl£ c-Li-i' p \rui 1 a <£az.j—i-u /ya ( yn u 

.15.0 s Ji 




3 - J 3 I 0 tjj^_5c_Iu 5 jL_j_-uu 4_£_3_<-u —17 

0.600 ;Jj— 20.0 m ojl^ <. it *.o_> 

4_utuelll d_c.j. ...aJl 1_aJi_Lc. . m/S“ 

4 _SjJU (a) jl^vjI 4.00 m/s SjL^JJ 

4- 0 3 -»..»11 4. x^jJU (b) ^jl .^'1 4_i^L^J.1 

. ijy KJ1 ^ 3 Liu 1 11 <?L>ol 3 4 _« 4 _tB (c) . 


£jl_, fc ,ill P 18.4 JS^Ji ^3^ -18 

I_> 3 ! ,7i C £»U>oi' (_yB Uli 3 _^jlj 3 _ 1 _J >)■_->. 4 _iZ. 3 _l.i 3 

2.5 ITl B <■ a ^_B 4_ci_taiji 

aJL& .lir . 3-03! I ^jjs 4j_u*__a 4_ln >J JuLc 


(Fredrich Mckinney/ FPG international ^ ^ 3 ^ 3 ) 

4.4 p "« * 

3 1 J—<3 Lij^qu 3 _a j3-^>3^1 J3^n- 3.4 a 11 3! J_4 —13 
3.84X 10 8 3 1^4 <■. i/ai c ]n u 113 ~<.(^ 3 ^jlj 
333 J 1 — 43 J 27.3 3 —«;— al\ 3—>-Lj .m 


i I 


a (u) _A__>. 3 l *( 3 - :::> 3 ^i (J 3 —^ <L4l^ 

(b) 3 3 <J—ail 4 - 33 ! jJ»l 4—C 3 iqJI 

.( 3 ^ 3 X 1 aL>ol 4 JJ 1 B 34 JLH 


(I ISLulSLdt 


UL (C> u) 0 4_cj_<-uJ \ jLuV! 


L 4_J3 Lou-1 ^L-Ul £-A ^yJLc ^g.iiU . j g 1 1.1 
jjC-oJ L 0-i.aJJ . 4_J31 —oa X1 4 3 J 1 1 111 A 

4j_}j_qC ^jIojM-J 4_i t _ u j j ij 4l£iJJ>. ClxJJ^lJ 

Ij 4_3i _l_U_a t Li 1 . J g * jl ^y-‘ H ^*> ^y 1c, 

4_?e_j. "n ♦ ^4-JLJ jt__>u^n l J_& 

1 ^Lj ^ d_£j-^ 

SV^I Lu-ajI .AjIjuJI 4 L>ILt 1 


4-tSL23 JjL^u4 

<JjLa ^j ~i ^i,a (^y-L-V ^jllol —23 

0 | 4-J^l j-JJ V 4_ol J_l_)| 4_Cj—caj ((j) Jj— 4 

ji-j_a j_4> Lqi^ i(0 •> <j) ) 4>U 4 jl milL 

j_I^u «_sjjlSJL! jt cx pi 1 (cl) P 23.4 jJSLjJL 

* C- ‘ ^ Ll 1 I^^JUL. U_l ( ^y.1^. t d 4^ l i tt.^3 

^ _ 2 vf cos 0. sin (0 i - 0) 
g cos 2 

^ ^ 4* d jjflj L7 IL^ 0 • 4—4—La (b) 

S 4j 3 Lx u -Q ^y-ua3i 4 .4 ..l 3 Laj t 4.g_ii5 


Path of the projectile 



4_uoLuaj <3ikj ^ g nil ^yjLc. l_L3j aL-4>3 Jolj —24 


4jj_iojLa 4_uaLaojJi dJjIu CLu-zzs 4j_2JLu /)_a 
4.Cj-au La (cl) .^y-Lst dl_>al 4 _l2J_uJI 

jjJo O-L- ^ t-i 4j_9J_LJi 4_&j_3 JUc. 4_u2>LaOjJi 


4 _ljLj Jij_*jj j a rt \\ 4 _LaLf} 3 jjJ 

4JLvjJI o J_4> Jjj iu. i.aJ (b) SL^nl Oj 

j_>Ji fj)Lao. J 1 4Art_C (j^Jjiil Sj a c. 11 


4__LL>J 1 4J^_C ^yj A~i~u L-t-U-> j. a Jlj 1 L./ n 


. 4_a-u3jVI 


(b) ^>^>11 ^jL^il! (a) aL^U! 

4_Lr C, (c) ^ _ uj _sell 4_aJLLxl! 4 ——cjjJI 


. 4_u_iiLoJU L.gj-11 



P 18.4<JSLiJt 

4i Oj L 1 4 a ■ ^ ^ «_JLL Jd_5j_i -19 

-j_3 .0.600 m 

.v \c 4.30 m/s 5^531 4^c.j. 03 ^ *^Lh-°L 

j \c. 6.50 m/s ^ L (jr 5 4 L ^ i (jyL 1 ! 

LajJr. 3 j^Sj i 4 \tt C . 1. 4 ! 4_Lu3j 

I (a) j4t£L 1 J i nlj tUj -Li I 

.4-LLLi ^jl (b) 3 4 -L_cu 

6.4 f^LLdlt 

.0.50 m/s 4iolj ^.^31 Js aLH ^-u_uj 1201 

1.00 a^ua jLpJl j_jJa l-aJLL 4__i_5 

Iji . 4 j! ji__di 4 L c?) ^Ji IjljLc i.ij ^3 Km 

4 I J a ( J7 _B j-j— bXtai j u^jLLsJI 

4 l>.j ^qj xj. <<r> /<L" 41.20 m/s 4_c.j_i.aj ojS\j 

^ 4_LvjJI \jjt> jjL-B SuaJl la Jl \jJt 

. 4_£LJ1 3Ld,l 4iU 1_AJL>. 1 t-ajscj 

^yj] j_j_auj 4 .Li^>j_jJ \ jjj 5j3Ua Jul_B —21 

JjjUfJ i 4—Cj—au jlj .ujjJiJI i>Lj>«j jlj_jicxli 

dLL^ LL_s . 150 Km/h q!j_$L1 4 . mi lb 
30.0 Km/h {JT jt ^Jl a Mill ^L>»j ^LjJI 4cj-au 
. 4_t. aujj L OjjUaJl 4LCj-t-u 


jatCJ ^ i a Lj If. uL^ L .-^Jl Ijl 

*\ j rr- "1 ' . 2J 4 a! I A 4 cr J . II ^ f I 4 t-w 


-22 


<S) 





sJ£Z> 


al_>ul 


3 <?±- 


-5=1! 4 nil'll! <L-Cj—oJI t_x 


6 = tan" 1 (v v /v v ) 


.?= 2.00 s 


-Lu3 


)\ i.g) 4 j 2-31 4 _bU». a — 27 

fj) 2 ' 11 A cr^ 40.0 m 1 4 -J ] 3 Jj 

„j ln7t-t.ii j 4_Bl— lju— a ^ isr\ 4l (jr -A Lo 


5L^Jl 3 jK3I ju3j 01 J 3 u h 
(jf-tiA > 3jKJi (j7L~i_^j 3L>11 cj^L-ii^-c <?j_]b oi 
• O^lU-ll 4rtlUU 4x.^-UI 


ijr lc 2.00 m 4 jjio 41 lm 2 >j _^ Lif^l t *?A-; —25 

jj*> LU 4 .1 1 n1 I 0^° 10.0 1T1 Juu I 

3^£J1 <_13l_b . P 25.4 4.n 1 L) 

4_c ^—uj pi j .4 ^2 qVl o^ 40.0 

J>L>. i^o j_<u ^ IjSJl L^j ^-ojj o* 

(jjj_4_>JI ^jULi j<slaJj^ (jl tjjj 4_LL>J! 

4£Lt—jjl —13jl S 4 _1L»J1 < * 1-w 11 

,3.05m 


r ->. 


0> -J-oLj j Lai 


1 ^ 41 -28 


. t_UUl o_ 9l 1 ‘i ^ R Lg_2j 3jS Ljr ^j^ 

01 i.iij 4_fUi_a ^ (jr-^ Lc 

3j_b o' ^U ^ uQ L-4_JI 3 j521 1l_3j 

4^-j. ..t.a.11 ^_g_J U SjKJI JL4-1 II Cj^L tld C 

.OOjL>J! i ^2s A 3llnll 



... A; 

j»»i4S^4!3Cv.^.. v -..; 

-1<M> III 



P 25.4jSL.iJt 

: U-A ^-<-u_v. 4x.^_i_u LlK^-s -26 

t/ x = + 4m/s u =-(6 m/s 2 ) t + 4m/s 


ANSWERS TO QUICK QUIZZES ^juJI Ol^luiSI hiU 


4jL5C__*_li^ 4_^lj_m.! i L-4 ^Sl-ILo Oj^ — ji ^ull 

(b) . j—2± x $\ L^-4^ Osj-^ j a ^ 

^3-1.» 1 ^1 ^-1] 1—i_u_u0 ^-4-u— >21 t_3wL_^ 

.jJiL-oV 4£j^>Jt JM->* ^ 3 v u^4 

J J-C. 4l?s.Jl.llj 4_^^_iaJ| l ^ >■ ~i..^ 0 ^ 

L 4 K (c) . 1 JUl 1 4.^4 L^jl^2—4 

4jJL 40-11 3^1 3 21 dijlj 1 a K ^i_3jjl 1 jlj 

Ijui (J 1 <o j.l i^j j- aU 1 ^ 4jO -3_x-uj ^JjJ! 

lLUjJj . ^3. xm\ jjyJi 43>5 vL j3 xul-J ^ ^L33jVi 

3 !jjj 90 ijy i\ 0 O- 4 1- 4 !^ 

15 4jjljJl ^jSz*") dJUjJj -ot?_jLx 11 0^3 

0=^ 75° 6^5 ^ ~A 

•o'j^ 3 J-4 31 


A-C-j. j-uJ I Cj 


UK. 


I—! ji 33^ f.\c 


nj 4Ujjl]| oV (1.4) 

—4 -a3^1o ^l_) 

\ a ^ jK ji i>L>oVi {jy ^ ji 4 -c^aoJI 

3 I 3 I jJ/sljUii 4_tuilj3 jUxl o^f -U_c 

^_HjLJ . 3jU^.l! jlol—U 1.41 a-uJi ^jLj^U 

‘- r ‘ y «>3 ^jLuU 3 I 3 I Lilaal 33 LU1 4lst£: 

Ujuui (b) ♦ < A-C-J i <111 4_ Jr.. ~1 J3 ^>L>ul 
C-xJ—411 )Lj 4_C.J—i^aJ 3jl J < ill! 

3l3l j— jUju * ^-jl _.lju j 4Ke_C. Oi>2jJl 4—t^/lj3 
3c.lj^ Lxajl^. 1 Li3-^ ^jLujJ 

.4c.jUl 3lJU3 

4_4—3 4 to 3 t —lLxo_£ 3 J_>.lj 4 Li .3 ) JlIc. (2.4) 






ISLttfLuiJj^ ISL ul Swdl ~ ^Ljj^uilV 


® 

^ j 


z 


@ 


® 

u) 

i^jSv. juuI 1 CX ^—° i a ^ 4_ >J 1 (4.4) 

i j-' i 3 £-L^3 UC 4u?t3-« vi^ ~w V . 

. 3^Ji 3^3i jJi ^ (jJuOJl 4-Laj3J 



'v - o 


L-uj.£t~) Lj)j)<i <r cuaj 3^.,g3 11 j^LuJLl (5.4) 

C-3^l^ jjfej l g 1 ^ ^ja 

—t-*JI —iioii (b) 

^Jn a jLut^ <jJ^.. -> .31 3j) ^ 311 

j (88 ft/s=) 60 mi/h 4 j. J a ai 4__c 
Cx3j_*_3_<_u! iji . J_l_^j (-g) ^jLco_b 


i^$J^ *(jLse-uiJi ^1 J-J^u 0. 10 S nil 

88 ft iiJj> rr -l 3 3j) ^ 3il xi 11 ^j^ic—jJl 

f * 

I3i (c) 5(ji_Sr 1 rtlLi u-i.5Li.aJ ^1 (J-jl-3 1 . t 3-41 

{JT $ 3j) ^ a 11 uoLt oj 3Lzr ~4 4_i^_*JI CjLLI _u 

*-i 0>^ O' o^J —^—411 o-* (^5Ji <jl£ll 

Ca>j 1 ^~iC j—ljj 4j^j*JI j,_ l»j 13} 

(jlSLU IjLA I J—jlj (jl—scJLaJ 1 ^jl 

^-Lc. u-tSlt-uJ 3j)^ j 11 ^jU& 4 jjjl! 1 JlsLuJ 4 j*i_uj 

Ojlj Ijlj .(jl—s*_IflJ1 —3 

u3j->. 3 j g r. 11 < In 3 i-qj J_i4l J-L* AJ 4-Cj^-oJI 
^ # W 
LjjLv 4j^jl! 1 CiCjlaiU ljj_2 .{jLsc-La.ll 

.^jbuLiil j-lL fj\ 3^_3Jl 


4luLj 4-C.^-oaJ jJ^Sfclu ^j-o>Ji (j| Ca-O- (a) (3.4) 

l_<l>lj {J^-Llll ) 4 f-j>_oJ! 4 31 Uj4-4 

4_se_IlU i Jui> (jl_3 s4-j^ji J 4^Ji Oi C*J ^J 
4Ju?c_-Aji {jj43^ . 3j>uS jJJ l—f. a>L<u^ L<41j 03^4 
4u a- 3 , ^3 i>Lr>oi jju <—■ m l 1 (jj-A i to 3.4 

j4~i ulI ^ > i? 1 >o 1 ^3 14— c.j ouj \ 

(jyij L<U>1 3 J-U l aJJ 


n j 

© r-*- ■•—' 


r 


® 


u 


® 


_cu-jJ 1 4_rc_3i, 4—(b) 

ii^C. o\ j— i_4oj^ 3jj] Jili 4 __uaoiL«^o 

4j?cILo j-jlxmJ^ tLiJJ jJ 4^-jTu^ . 4 j2.^_4_oII tfL>ol 
^yA —>J1 Ly n *3“4>4l ^jl— t.u —jJt 

j.i^i 41 4^.jm-o]I 4j?c3u5 yr .i, juzj i_LU jJ^ 4xCjoo 

• 1 4 

® 


® 



L-j3aJ 4 _i-aA i Lull 4 L^^JL 1 (c) 

l^y 0 *4j^J |Uuu>J 1 . 4_C.j_<_uJl <>1— 

^J^Jo I 4x.^_toJ 1 4-rtILo ufJLI jJj i 

4_U^_oJ LlA JMJUJ 4x.j_uail Jj! Cfci^v . \j 

*jUjJ i(b) f>ys*}\ JailL ^J J l Tu 

jjj® J>Ll ll-4> f ji-<-u_lIl OL^—5C-JL-A 

.(b) *Jn>J1 ^^3 


(S) 






j —j— £1 jLL>J a 

jLLaJ.1 Li£l —uu I a_L_ lC 

nt \ 4_l_ulj 4 JLlILj (j I -> ■ r .~jj 

dUj tjyA - 0 jj>.\ o. J_j La 

(jLi (jy Ib*- 1—31—cuJ (J-C^-Tt-Lu-U <ul_3 

L/J . O L_*l_3 4J&J. 3Z.2 L_j <^3 

jUaJLll 1 J>,^i 4—i_i^LL*Jl 
f i^l 4i CjJ_> o jjl 1 Jo- t .ou^aJi ^ 


jLLlIU tjyC- CiU^Ui! {_yA 
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lies-fyl 

The Laws of Motion 



ajj _Hj2_u__a 5.5 The Concept of Force 1.5 

The Force of Gravity and Weight 

jjjlaj jjyalaJt 2.5 

Newton’s Third Law lUJQJ! 6.5 Newton’s First Law and Inertial Frames 


(jy ~'l^ mi 1 5 Mass %l" __SL?I 3.5 

Some Applications of Newton’s Law 

jj) jU ^ . a HI I jj iLalt4.5 

Forces of Friction dJt£l>.Yt tjjJi 8.5 Newton’s Second Law 






^l3 jjl (jjJ ^jLmTJlj i4x,^_Luil^ t4_j>3jVJ 4jVj_} 4 ^j->3I £j-lL> j_a 3 J 2 tiAi^oAll (jr& L^J^L_x3 JuiJ 


_U->3 ■ 


lJJ L£L*^ U <jt Cj La— l<-u-^ 3 1 Jo»V t-_<-t-m-> ^j31La . 4^j-r*3l ua^uJ ^331 La jL.lLc.V1 


<* 

^N-^LaJIjj . 4^j_>3i ^y3 j-tJL<J' t .in-mJ -^531 La rj-ujwA_3 i <i 11 1 JUfc S^jl„< u ,t i cLlj-J fc - * J jjl j->.T 

4j^Lj ^jLsLu ^ < al>J 1 ijufc 4jr t ^ ->31 ^yic- j3 jj ^^31 3j_LJ i La-A LL%_j (jljdJi (jLxcjj-UjJl 

433-13 {j-A j333 J^Lc oVjLlU I 4 ] C^LlL>J (jy^» L7^3 3j3Ui £-A (j_aL±3j 4 _U_uLj 3 (J^ji 

<dl^iVl ^Jlc. ^UVl Llx£L<u (>ul3-^31 cjjt ^ # 3 > j .Isaac Newton ^>3j-u L pg~t<3 ^3L3l 4 .L<(jjjJs 
<^a j3£3 ^L-n.^-Vl ^A<> ^jliii~ij 1311j ^4 £jl>31 j-x ju 4_^_ulSL-La L7 _4> La :<l3L31 

THE CONCEPT OF FORCE S^Jl f^-a* \ 1.5 


£jLfl!l ql Mintl J)l L3 i J-LAJ lLL*_3_} JJlC. . 4-j_aJ_3 i 43j. I ■>» £y0 3jJLll ^J ^ tf l i ^-2 «*Ii i j£3 

cL>Llu_Lj 3 p3l 3a_uj3 4il«Vi ^jlA . L$l£j3 j! L$3.1a3 Laj3c. 3 j£ (jr^- ■ j 3J3 jJiLLUj .3j3-> 4.3c. jjJj 

^j-aL^o Loj-ic. ll! 33 ^pLc. JLu£~. La31 j 4 £j_> 31 *_t_n.ajV ^j_33l . ^-lu^» 31 j_3L31 cj3Ll4l*3I 

j-pLlJI LiL £aj j-j> 3 jjl "i <i ^3 . LfTL*^ jJI^j dil£3j 4_L>3L>3i 3^3 id ^ ^-v p3p ;t_jLnS3i Ijla 

. L^£j->o 3)! j-jI^L-ujV Liii^J a 4 ^->r is* yx^uz ^l e. 3jn.) 

Jij-xJt tjui> ^pjj-u L_iLj>>i S^pDjVl' J3_>- j.,<Lrt31 t_—tLi /pUl ^CjJUv^ ^jl j 3j_3Jl La 

131 LiiJ j3j . ^a-*_u_>3i 4c.j_x_u j-j*.?) t_ axjjijJ ^_yl31 ^jL) 4. al>3.1.1 43jLaJLl 4 JlL-uV| ^iilj£3 

J a a U 4^,j_i_u .4 ^jl>31 oSJt j^ILlu. 3 ^53 tli33 i—3 LlLj V i^4a-iL) 4x,j^_oj 4-g. L>3 i.a 4 ^jl>- <_£ 1 clljoo 

4-C.^_n3t ^3 j-jJlIII 1 Ju4> j! ^JjlxI ^jVlj . Luj_33 jLuj ^_p>jVl LiijjfcLu 43V 4_3 jLj Cj-hi.jS 

t4x.j-^_uJl j-lju t ^uj j! 4 Cr-3^ <jr^ ^3 3J1 (jl CC_L>-J j a all tJT Ic SjjJJU 3j_3il 4 l?l-LLj CJJl^lJ 

4^V-*3 i (jjlc- y£yu-u \jJt . ^.<.ll>J 1 ^jLlLj l-clluL (^331 ^-luJI 3j_aJl LliSL^j 

♦ i u ->31 Ijla ^jL.u -?3 ^c-lu_> 3! (_yLi ^_P_3-^1 3j3i! ^j^-i 

OjI^ 13| 3n a 4 ^-*-a_>3i ^jL_uIu t4JL>3( JJ-A ^3 1c. Lt-a ^3J^C. j3p LajLc: CjJ-^lJ 13Lq 

Jii ^y-AL^oVl ^_a_>3l LpU (<i ^1-C. 3j3i1 4l ^-Te-a . 1 j 3 uz ^jL-tuV 4 j 1 c3jjjl 1 1 4 

s* 

jj_c. 3j3il ji t4L^> ->3.i 3j-aJi jl 4i 1^.11 3j.31L 3j3J 1 ^bLlo LL>-1 j _i»j ^ <u>31 ^y-lc 3j3pLi 

# 5* 

Jia3j j. 3 ^11 Ljl 1 a a ^-LtL>3l ^jLcxu jjpLj t ^jL_uj ->3i ^yije. 3j3jXi 3j-3JS duL5> 131 . (^43j-lU 

L^L-u ^-lo_>3I JJ3u jLLux i lj 3 <«-> i ii ^31 ^ic. 3jjJ 31 ^j3ll 4 s^c 131 431 ^ I «4j • 43jIj 43-cj_lo 
tJ7 3J 1 33U3I lLLLl^ Ja-J3 j 43 jIj ^ <U -> 31 4jC.j_uj <jj3o Laj3c.j .43 jIj 4c.j-luJ 4^>31 jfl'n n i jl 

43L>- ^q_*.iL>31 3?1 Lx^L_u <*Lf.uj*iJ 1 l^i4 


3j3b 4 _jj^i LajJc.j . t 3 111 /J-lLILloj i 1 .5S Lai I (J7 3 La£ cJila ljJl> J.1c. 

/ ** 

J3cj . 1.5b J^LlJI ^^3 La^ 4->j_t31 ciJj-stIG itijlSLLwVl ^_yic. i /1 «T> 1 4>*jjd 4_x4l^j 43 jIj 


<& 





^(j^A x n~i ^IjjV 4ii>3 1 .^jt o^L>J! cj^& (Jfi .4£j^1\ l jl_uj I 4 K m j~x »~n * 1.5c <»11 ^3 La5 

1 4io_ol <-_jj-_j3d -j-5Uj_9 'O y* 1 ** > U^ 5 L^jI . ( j-u^^LHl 

( J T Jx. ilLo, i 3 _) L^J ^3jp /^ylcJI 3j_3Jl cdijL^J i^ljj jljLJ>. ^lil jL_C. >J SjjJJtl 3j_3Jl ^p—xi 

s 

mn >. (jr\J ^yb^j.3 1 ^j 4 CjJjcj V ijL>JL! ^^_a_s ‘—Bjju j _>-1 tjJLufcj 

Jl3L* i 1 .5d ^3 j_l! i j^<ii.ii> (j-u c_jj_>J! . £^_3J1 j i c j_uGJl i-dJj* {j-a Vj^j 

^ »<i Mill LLoUiu ^3 Lj 4_La-Uj_-a ^L^jvVI J-*->^ £>JJt <LujL>JI 5j3 .^jJsJl i ^ya £^x]l Ij.^ 

4_uj_^ 5>!J1 3^ 3J1 j-A (JL>J.I 3j_3J j->*\ j-jLti ^JLii-o^ . 4 _ojL>J! ^^3 Jjls 4 U mlmlb 4In nj^o (j^3 

JL-B diLb^AIi . 1.5c /J$_ 3 uil_) a-A L*_£ f , J 7 JLc. 4 -Uj.^ ^ 4 x^r _tio (..4 ^ 4 jv_ 3 ^j ^ 

1-4-3 j3j_j < _ 7 3Jl (^^—cJi JL^J.1 3 3 —3J cJLj JL j —. jtvjjj.j 4 !! 3jj jJI^ 1 CjI . ui £ 

1 4 3j jjl 31 jj diLj^Lo ^^lll ^^LLlj . 5.1 f Jv TtilLi tirvu-o L. 4-5 jljjl^v. 4 «Ub (jr l^i ^^laL uLq 
4bL^ (j^5L LoJ-lc J_iLlU ^pQii ^3 4_4£Ltj-U 3 j_3JI (jr&j ■ j-}-^^ 1 3^ ’<£ 3 ^ ^v3*_*_u 

, 10 " 15 m jjjLa. ^ JjAflll 




J3 . g. X 4->-Lt^«j ^Jiv.1 j ^ t.u ~>J \ ^ Ixr. 3j. 3il 4JL>. 


.4 a iloU ^j all 4iiL«Vi (_>33 -*j (1.5) 

.^»cuj>J 1 Lyl^- 3^3 j 4j>-L_u- 4 ^ ;l - 












t SLoaLu Jjlj fUJ-jill 


C p a i i i > • ^>3jj (jl S_j—SJ! u? oj^Lnj ca^-Lj —a ^_jj_jj ^ jl °i Lu I-L_oJI *i—4-L*Ji ^ 

^■ 4 ^ * (1791-1867) Michael Faraday ^blJ£ jU JJoi 41C1H L;r l^ yb "A) 


tillj *2 t_Jj_3JLi P 4-Ls_OJ JuG. 1 j 11% £_G>^J LiJwUL ijiwjull lj 4 J L*-p 3 . JbJLl 

4.b < ul^j . P JuX. 4_ujL>JI (JL?c_ 4 jJ j_3j . P JuX 4_u3L*» Jl^3 2 ^u-u-j>J I £_o j5Ljj 1 

4 dG >J1 « 2^-4 jjj>JI £-<G>^x3 JuX 1 ^-x.u_->J I 4.L < »>1 4_u jL>J 1 (Jbt-xj jJ^3j <4JjLi>s 4.3j2 b ij . 2 ^-cu->Jl 

iJT ^ uj> JLse^s 1 g < »a t Jjjv £x jJjj 

Lc 4 -i-^t_oj 1 gIJ Sfc-3 - La_ii Lq_xs 3 7 < > LjlLoLs l y. i_J JLGLl J^j- 2 ^ ^ ^2 ^Aj 

^JLa=_a ^£_^2 il)^- 3-^_ib {^oixa^vLj j _£^2 Lkb^ CiC. 1 ^Itjl ^jGi! {jl J_>o ^jjdl ^£^-G-GU 
^ya ^ {y& 4_pyC n>jj£La 3j_&LbJ Lbjl 1 ij Lu VJ . 1 .5c J£LG £wG>jij 

iJ^j-dJl (2)x3j\ ^ ^ 4_u3L>Jl tj;y£s (1) '-tjyjbib 4 t J t In 11 ^^2 4_3^j_i_II 4 \ i nLu^M .{j^-3-J! ^X j^J 

4_jj jJ! 0_>u uLuuiLxIt cA-* 4_^_3J1 4_ja^_Lll ^ ^,..3Jl (3)t4_u^..^. < \.il oLct-2«Jl £j\-i 4 j , A $J- 

^3 .^A*- 4 3 L*—tH»| (jyl— T* l^- > U2>\ CjL-tLcX. ^yA ^lu I 4 Jj i % xGdl 4 jj^_cJ 1 {_£^JLll (4) j Cj l_j^£wo) 

. 4 jl 11 4_ujL>Ji 4 _i52ll-u > ^ISL1 1 

Measuring The Strength of Force 3j23\ S JLi o«U£ 

!^yu L*-S-X3 (jjlx. 4_u_u lj 3^2 1 't 3 t U Lo 1 t . 3^_SJ 1 ^j-uLlxL! (J^-cL J-UU ^.jL^U-u-i I C_«-<-uLlU ^yA 

£>^k J^tlLx^a! jJx . 2.5a ( j5Li-~u-l I t^^Ldl 4_2^_Li J^Ic. C^a-HUj 

I 45 Lj Fj 3^3J1 3jirwj xajjjljj 3j_jL*_xj 3j_3JI 4^2 Cjr lc ^.Cujdl 

- (P Jj3 41 ! 1 —i>3 jSrit-uj 1 4_l^£~ 3^_3Ji ca>.jj . 1.00 cm I^Jjj i (J-*-^ (jP-l i 3j-3J i 

^Jj j-3uJJ.l 2.5b i"i.i]\ o*^-^ J-A U£ 1 ^3<; J4 F 9 4.rt.j7t.^r.-Q Uj-j I lil 

.3j^ Lt^Jua CjIj_uG a-A Ouxj 1 Ir, jjUJi ! 2.5c JSL 2 JI .2.00cm 

L_4^ ^-3.4^1 ^)L>oVl FqJ ,J3 t u\ ^J] F j j-x J G ^2 CareJ Ljlx3 ^/U^_3j 12^31 Lo I ^3^-3, x? > 

3 j 3 11 . V 5 crrr — 2.24 cm 4 _ 4 . i i_ ( >—3 j 4 J 1 >J1 ojjsi ^3 .2.5d ^JSLgGL 

^it4.i .2.5d J^LgJI ^^2 F 2 j Fj ^t"^ ^> 45 - : ?-' 1 l jGu ^3Ji F 3j^Gli 

S_ 5 _ 3 Jt of . 0 = tan " 1 (-0.500)=-26.6° ^a, L^Uoij I F I = ^F^ +F 2 2 = 2.24 units 

. 0 L 43 GJ.I 1 ^jGGL_uj vdjlr c- 44 AL 0 CjLu^ 


S y 4jU^u2U^>iJ 

clLL_4j^ O-i l ell t^xjj ♦ 3 Ji GaJll.1 (jj-L- 3^-11 *ck}— <3 3 (jA f^»l—i^^aj tjjGj 3j_£ j—Ga->-l 

4JLI2 D b4r,;n, Julj t _ 7 ic. 4 J 341 3 l^L^U J-Gs) . 4_uol f^iU (^^4 3 xll 3^-3 j j_GGiL 

^2 ^-Oji . 4 XI1" V -q ^LuojLs JjL^. .3j£L1Li J2jjj*l Cu^ (3jt <>1x1,1 

*j->- ^cLiij 4 -jJj_4_c ^-3j! xx>L>u^fl fjita } ^2 ^-3jI is \U 

. ^ j3ll <UaLoVI 4xxxkl! ^_y& J)3:*Gli <—LtS^-qj 









(m) 



4.^.TrilI Fj 3j3JI (J-o-tj jh ^l j-itHu-uLi 3^3J <LuiL>i_iVl 4 -tloll y >~.-^_> (2.5) 

4j \\ 3 xm\ 4 4 *ar ~u,l t 2 3j_3Jl J ^ «">J (b) 1 .CHI 4_llWt inl j_yJLc <J3 ^>i 

jl jJL<u ^JjK" * .ij iu\ ^1 i?L>oVI lJ y> Ljl^ F^ ^ | -j-u^nJLi ^jjioll . 1 ic (c).2.cm 

4JUal^l L*_a 3b>ol ^L>oVl {J ^ F^ l ^ u - u ' 1 cr^l ^ j j3_p j (d). 3cro 

.Vl 2 + 2 2 cm= V5 cttijljiixu 


JjVt \ 25 

NEWTON’S FIRESTIAW AND INERTIAL FRAMES 

<._il3^ S'~'S‘ ! * * • 4_JLjJ! 4l^> it a >11 4jj-JcItJl j*v (\ > LxC..} yJ j .i.x.1 <JjVi (jj_}l_3Ji 4_il3^ 

_ * 

^JLc l—lI»hU 4_i^L^ 4j3.aI 3jin c__il3UI ^Jsju i_ihl jVlj . L£L^ ^dij t_jl35J! ^_dalj .3 j .<>>)4 u^~ 
^^lj <iillS^To-Vl Sjifi ciiJJ l£j iL^-ujLc^ /_y-3Ji 3j_3Ji sJlj 5> j. 3ju3a_Lilj ujLn5Ji edl^-jjvVI 3jJa 

1 . jLiSLILj (_li_^j_>o j I ^lLti" «.<3 . ^ 4«j_>.j [S^ 1 L^l jLJuj j»Lcoj>.i 4ia.t«ljj inLi£ 11 ^JLc. j3jj 

t?L>nVl iJX S jJ jj j liilSiL-vV 1 3j^ 4_^_t_S tt~i 3 4 ^jLt-un 3j_<n 4-ji.C. j-pLaJln 4_3 jIj 4_c.j-_t.aj 4j£j_>. 4JU ^y-5 
C-jl , ,r.\ tilll^jcvVl 34__4 _l2 yZ. 3j_jJI1 3j- 3J1 0_L_A>jl JaLo Jujn j_ui3i 3j3 t dUli Juu OjuB3 13|j . jLiiaJLI 
3 j_ 2 jjj-iu CL^_i_>. 3 jj 4 4_^Lt_aX 4 _^j-j>u Julj <—lilifUl t 3 4 yg ta 4 siI<_4Ji t’t3 8jl lijj.taLSJi 

Jsjjlj . ^L_aLa £j*-u* 4 3jIaj 3lUt 4 4 <;r Lj 4gjJojl j — l X. jJsJa cfJbl (jVl VI 

4_u_uj>jI jJ_j__?c3 .4__3jL_t_aJl 3jJki 3 j a 4 J—*_) C_3^JJ J-A-J call L-jl 35111 

4JU (_yii t 11-It5v H J)j_?c_t4J 4JUJ! <?Jui> tdJliL^VI Ct^ 4 _jJLc. 4_^v.jJl_sj 1_L_ljv. 

.lLuL^j ^jdaa-aj 





(ISLuUjJLIIj ISLulSLd! j 


^-LJL*. (jlSj .1 4JU. ijr £t 3jU1I 4 \* j ilo 1 i 4JL>JI (jl ^l_1 jbbic.i ^Lc. 1600 ( jr Ii_2->* 

Sj-A <■ L i Zu^ji ♦ 3 J La U 4^.,tj tLJl 4 _JL>JIj 4_£j^>JI ^43 j i£<TtU 1 a Lb^ia JL>-! ^>o Jj I GtllllCO 

4 x ..j, i la G <U .J L_$jI 'i"i. f-ulj ^ If. cuLuiii 4Jl_v LJbL^ Li>Lb*.j_bu ^y3i! {JLc u_}jL*bJI 

(jr js ^ i * 3 J 1 ^Lb ^ji {jr £> \ 4 ~l* i tL £j! 9^_u^>V! (^1^- 144J1_>. 1 q «*—bs^-Ib 31 ^i-4 41 

43Lf.V 4,uw.iill (J^_3J1 LLL l^j ■■ lo 3"i ^e_) 431.3 4_5 j_>JI IJuj <<^-il>. J^j5e_4-S 4ZLbu-^ ( jr 3j * ^ 

. C-cIjj i JJZ 4li5jj>. 

^jJi^ cjr -3 _^_u 4_Ls_ 1 _ui^j 4b_f.1 ^3 4_^^_>Ji ^ rtl Ju Ju_>JI J...J ,i ii 3311 ljuk 

: 4£^j*JJ J^i ^^jjjL3j 


4_l£” > 




^-lo. >J 1 ^ L5TL^ /^Lx-uJi ^-x-xi_->JI ^Jla_j 4 _j_^jL>JI <^1. x c ^3 

. ^i_l_3li-i_u_4 ;L->- (jr S43j lj 4-C.^_cuJ 


Lajbf.j . 1^ a I<n p_i_u_>Ji £jL_u 3 t ^- < -* 1 ^ ^jJjV La Jbf. Jj-oJI Lus^ i-La_cuj! 4 _x_j_u^jj 

& O? 1 l bL<u ^j^-iLnli L j r A& . dJLL Jjla 43 .c.j-uj j-ljujj^ i^_u_>- 4 _£j_j>. c j-a j— j-a j 

^Lb J ^3 . 43_iLj 4_£.^,4 11 ) j! L^L_u Lot ^4_i La |Qui\ 

3j_j3m 4jG_a^l JL^I 3.5 (J^v.oiil .^-tti -^JJ jJI jj) 1L .<-uJ 43xj_u/ ^-L-L- br J 4J 3 b^ ^I 

. ^3^-J_l! \ ^Uil 4 ji7.Li.t «Q 4-3r j3 J& 

* 

4 3 ilo jjylc c a ^.3 ^ , Lu^-d3 jj-uLol i a ur ic ^43 jIj 4_c^_i_uj 4 o h~t I a 4^j_>J j->-i (JLLo 

i4_u! j3bl 4 _Cj_!_u ^Ur.l 131 4.5 J^-jJL La-^j ^43_iLj 4_uljjk 3jL_uj ^ 4 3 _i3j 


. t 3 A ^jJ 1 ^J i ^ ^ 4^ 1 i t<-A n \ t A^ ■ .i^ 



s-Lba-dJI j. j. < «i3 4 -ijI 4_J_u2_i_u 4JL>- Ij—p-ij 
4 1111 ^L>j .^j>. i ^.cu ^ l ^ 1 0^" 1 

j^jJl ^LLu ^ 31 ^-- ^ 1 1 L3? ^LLlj 

(J_Lu l_3j iu °i tV ^1 4 < j 3 <nil 4_c.j—*^ Lajbc 

aL-b^aJl jl4_u_jl_x]i 4 g^j— t-oil ^J^j 4 all 
,^J J_5J ^Lbu V ^4—^) “'!-* >J 

.^V4£.J-oU p^.,Uj \j j A~ J.i uj 

^ 1 c. 4_j_>.jl_> 3j) 3 i 343 Lj (3.5) <tJl 

^yQ 4_liL^. L^L-ttJt ^ 1 »->J 1 (JLj *—3^-t-u n< i-ui ^ 

•a-l U ^^>^1 J. <i ~- t Mj o ^~ * - *3 1 

oJJb ijr 3. 4GuLj 4-C.j_t.u-j 4_^j_>J I Cu .{_yi 4_llL_^- 

3j 3_i jl_k3J( ^y lr- Jr^.M— jaJj 4JI—>31 

. a <4 2 ,4l< 







4^—i |^Ul(J thrift 


Cj65) 



^Hc Isaac Newton £jL>u*J 

£Ju4l Cj t —iA^Upl^ g-Lj j „^tt 

JL^I J , " . » J5 .(1642- 1727) 

.j^Jjl_Ii]l (jt^ »Lql,t 11 £_ijI 3 -* J_>.lj 

^c-jaLaI! C^^-41 Cr^l l 3 ju2 ^ c4 

t ^il*J 4 J J-U 1 l_uVl _iilj 

(4__u jiLrti! ^L»JI jjjjLaJI 1 . a.i^uItS* 1 
< ^ t^> f I 1 A < t-^ 1 ~ t l t l / n ->- 1J d I l l^\ W 

. )t ±£ 1^1 (jj^-J-5 ^1 WTu.h1 

J..A. ^]1 Ou-LO ^yi yxhS.j j,^_>Jl^ 

j aIj W U y_yiS> L 3\ 11 )-“' ^3 . 

CxjLS^ . (. ^.<^11 4 •U' 4_2L*j_U 4_l t .t j.WJl 


tjr A 4_gjij^_i. rtll ob^WlIl 4 jL_aL^_i_o 1 
cJl4 /uj 3 ^.«J * 11 ^ <iT 11 5Ti_aL* 

. iwLA lLq 33 4^oLA 


v = constant 



<^>*11 yS^ll V4 (4.5) JSAJf 
JjVl (j^jl—UI i}-^> j_Lu 

. 3jljl 4»uiUl 


4Ljjj)<iruift jJaVt 


i \A J^uojli <jl 3 Z -43 6.4 «.^_>J1 iJy £s Lbtj US’ 

3^ __*4 *4—<Lu_>J3 jl j<uVl j_Wl JbJ_c 

4_u^lJv 4x.j) .4-3c_fl lur jljJl jj) <711 WLuU 

^-W^H 5~^3' 4-4^3—^jLLu-u'^/I ^_W 1 ^ & .at.' jlL_u^/l ^_WI 

<■ WJL.4 J)L<-~u i (jl . 4—Cjl I 3—3^- 

>V 1 <> ^ 2 * 4jLb L 4 ] Lint_J 1 p.i 1 n ~w^Li 

jLW^ 4_i_i_uJJLj 4_jjIj 4x.j_ujJ Lll^rt_jj jl_u_oj jl-Ls) ^1 .4j^LioJl 

4-xLJL>J 1 ji-^l 4 _i_u2j (j^-± iSjy t’Q-S 

lj \j 4—a Joj^j 21.4 3 20.4 j^jui^Ljti.L) A W«2.1 

Od;^! 

^^L^c-ill 4 i. a iJiL> 4 _HjIj 4^1j_i_uj Lil " n (^jJl jLu_u^fl jl-L^l 
W -l &J-C- 3j ^jj l iSj3 i,rt jLWMJ l_u^23 SjlajlxII 

jLWI CuJ .jLWVl IjL^l f^ySjUejl 

1 0 y>- 4jjljJU 1 ^ ~j < \jj>. (_ 1 U aJ 'Sj 3 1 ^ ^ 

LijIjL^a {jr £i ^_L^_uJ L<sJllC.J . LAj 3-T—A 4_uljjjJt 

{J?3^— LU ~ i L - ^31—^-5 L^jL_B i (Jf-ii &-LJi 11 L-JUj 0-3 

( _- r i| 4 _b1_lWVIj ijru-Ji —241 e\ —> 0 ! i _ r b 4.4 X 10 ^ m/s^ 

ys Liu 24 h O j-A J_j ^_>- ^y£>J^\ 4 u_njj iLilij 

3.37x 10 ^ m/s" ^sLiW] ^jl.m-Tu «.l^_u_i_uVl lWlv 4 W^) 

q\^3^L-} ^Llji i.iiJill jjljuSj La Wi .^WjVl 3-2*-} 1 4 7“ " l A 

< ■ 1 -t <.uJ 1 I Jl^J^ . L^JLc-^l Lo LJlc. 3 g J 4_JJ L2 !Lj /jJJ-L*-<^ 


! jl-L] ^1 lU j_^3 



J—uoij (Jr £L JlJ . 4JLsl2 4-C.^_i^iJ \ Lil^_>o !]}] 

^-i_il_> 4 1 ^jl^oj 2)1 i.n-ttU 4u.ii }llj ^>^1 - L u (3^^ 1 " J^) 3 ^^ -‘ 11 

^! I is\ 4 .y 0 iolII (^gjLu-uj 4-Jl^- 5 333 X 1 SJ^n ->4.1 2^_SJ1_5 

.^i.ii j>4 1 ^.<1 o / I ^F— 1 0j 3— 0 ^1 ^>^1 — 1 u (j j£ j —i^ 1^ 

j—>- \ <2^1—^41 ^ m_>4l ^sl^J {Jj 3 u 1 J_^l (j^ll_SU 1_ O _lW^ 

J^j^W 3jLi_i_o L-^ljJ ijS^} • 4_ojIj 4_Cj_i_oJ <llj-2c3ua 

03 $ a 11 ( 1 (j! 100 Km/h 4iilj 4 -jij.juu 1 a a 

3 i ( jjj^LJi 4—t-ulj^ cr^ 1 <4a_i_ uo Ijl 3^3 *4ij—©—^ 




ISLmUjJIIj l5LuLSL3t ^LJ-ualt 

4£j_p*J! j3 L^L_a IjLLi Juu ^oJj 3jL>-t-uJ 1 ^ji-fauTu <3j^all *Lul 3 jL_3JI 4-LcC. jl <J-alj_3Ji 

. <—^ IjJ I ^ic, 3j^ a.! I c-x5L*u.uj ^3jHa j_& Lo^ 



. 3j3 <jjJj 4£j-2w tjT^- L)' cl)- 4 (*0 : 1 k-v ^1 £-U3 

. 4£jj>J 1 <-_iLxC. 3 j 3 c_r^- U* O -4 (^) 


MASS 


2JlS1\ 



J^L>U Lx:_Lic JtD_3lL>o £juj£II <^ j-a , £_LJjj 3j-^ jl 4 L_u 3j£L Lai GL .lo-> i_ac.V ^J_Lt3 

u? t ^Tp fc i 9l^lxB J^Ukj Ujar. 03 ^ u 1 W t>« l£ 1 S L^l^al 



\-<c&j . 3j^ (1)-° J—^ ^ jj-^S ^sjx. l^J <ji ^JjaLj ‘ ^~^ J ~ U .}-}: *- 1 j-j^I 4_ajL3_a l$j ^3ulj.i-H Oj£ 

.4_c>.jLL 3jJll ^.<<t-x!l 4 -jL^Gu-uI -j-ulj3a j_d> ^ijJI jj-uaGJl jj\ JjjLcuJI tj^>Jl Lla.->.^ 


^j_a Llalc. 1 a.^j i^<w-*i-j>Ji 4£lLa-i ( _ 7 jI1xJI jj-u-a_aJI (j_a ^ j—loj (jt 3JI ^.<-a_>J 4_j_a^>L>Jl illl3 ijr Jt 433511! 
O_>o 4_c.jl.-a 3 ,J3 LUs 4_Ll£ Colj l_a.l£j ♦ ^!j_>-jL5U 1 ^Jt SI ^LLs^ ^3 4.h < \Jl 3 Jlj>»j (ji 1.1 

<4 m/s 2 0jl jJLo ^jLauJ 1 g 1c. ^-33- 9 3-kg 4ja£ ^Lc. La 3j3 Oj3t I jl ijlill J-Uai L^-3 3jls j_GG 

. 2m/s 2 £j!JuLa ^jL-oj I 4IC. ^G3 j L_3j-taf> 6-Kg 4_!u5> ^ic. 3jGil (Jjjuu CjjjI ^3 

^Ic. JJ JJ 3j3 (jIoj-51 . 4 _£lL-SC^G ^LanJ- i ^ic. JOJJ 4J-U».a 5j3 ^jL-aJ 4-ljl 3-OJ IjLU t L-oS 4_LSUI uuojJj 
L rh 5 4_u_ajjl . ^2 ^jLaJ <_.*-! JJU .) m 2 4_il3_^ ^g-c.i.'v ^.Lc. j3 jj 3j_aJ I ^j-ooj j * H j Laaj <—<_t.i u3 Y)% j 4ai3^ 

. 3j_3ji jjjG 4ja 'J4_^«0 Li I (J4X.J i aulJ i 4-JUaU <-_ljL3-4 L^l I (jr Lc l_2jJU (j^LSLlI 


m x _ a 2 
m 2 a x 


( 1 - 5 ) 


. U^jLG {jpA y>. 1 ^.cu> 4-L£" 4^j-3La ^jSLo-i i4_ajijLa ^o-axoJI 4_la^ 1 


Jis IjJ 


^y311 4_3jjJLaJl ^ylc ji i^afc^Jb Jaa >J»I ^Ic. jl^TouVj >J 4 lt^>LLa uaL>» 4-135111 

t j r -L*-qj - 4_}-il_»JI i_jL-u_>JI j-3i ciii jJj 4^_u/La_d 4-c^S 4335111 ciUli£j . L^-u/L-3 ^3 j*jL>i3LaJ 

5-Kg 4i3^ l *_a 3-Kg 4_bS” 131 JLii! -J u.atj Lr ic.j . 4-L_u-aj 4 j3JlC. 4-3jj_LaLj (JllS 3 jlc ^-a->- ^jS l .<u 4 jI 

^ J.L.U ^jlaa3JI gU3 4jj 1 3qj 1 A a.r, 4_^-a_j_lii J—/j_a ^j3.^3 j /j! Lu£la_sj . 8-Kg 4-ai53l l a. 3l3^ ^jjSL 
3jL>.J^ 3j-5t3_C aLo«_>»V! jjauLli 3j3Ji fj uA > 4 ,j lr> t.3 jJS f^jL-ajJL 4 1 laaj. a aLou^I 3 JL*J 3j 3 4-lLtG ^jdl 


IjlA ^3 Lutj La_£"j . 4jLLaJl3^>wtf 


(jLLi-a-S Oj^\s ^LL3511Ld 4i3^1i1 (j\~i JLL^j ^j! 


t jrU* 


ijj. i^-J £—c t 3 la ^ i.u ij_A 4_!jjL>Jl 4_o_uS j 333 3 J All 

.j^J! 30 lb ;la-3~°> {jylc. 1 BO lb Q 3 J (j£ jJi ^^air JLIi (Jlxli ^J-lju-u 

4j 2Kg 4illS 4j | 0 ,ui> :^jL£L-a ^^2 3jxvij ^ «u,>J 1 {_£j->-t 4-urwU 

. 4lli^Jl 3 xlA. > 

NEWTON’S SECOND LAW ^\X\ OjiW \J^L 

jl LifTLu-u (Jia-J (j! L 4 L 3 tSjJs 4-xLc. jli Uij^ai ^ «11 I CjJL-^ tJ Lxi 3 J 3 u 1 < 33 -* l 311 /vu 

CjJurtj IjLa < jr 'Ll £H 3 ^^ I c-^-i'^Jj . 43313 4 -C 3 .i xU da. ^ 4.4 

. jJLi^ (_£ 3 LuJ V 4 1 i^TC-4 3 3 ^ 4_aiiL 3 JJ3 ^5_4-u_>J 

4iaSdl iF 4, u i3 4! 3^uu ^3 3 J Lo J_ic. .^_llLcI ^-3-21 ^dau_u ^Juii {j-a 4_l3^ £_2 J3 dJ_ii ^3 d^bI 

^Ic. I^J 3 J 3 J 3^3Ji lLoIj 13)3 . ^jLulJi c^iuiLualu <^3 VI 3^2]t t a%is~> 3^2j d>j3t I 2 I 3 . a L<s £jL_u3j 
^ jLi-u3jl (jl g u~u>u diljL&l 3311 <5(JiL* (j -^33 • i jiL&a O^Ij ^jLculJl c2-cLua3j * 3F ^1 

. 4jlr. 3 J 3 J 1 4Lua>dl 3^2JI £-a LjJjJo Lut-uLu c-^-t-uLilu ^-t-uj>d 

l 1U3 ^$-2 .j S L^ .d^jL-uJI ^ 1 il 311 (jr B !a 3 ^ L£ 143.1xS Lt2u! ^_u_>JI £jL<-u 3 Jua- To uj 
4-I j £L I 1 ciJ^—sulj i —2 3 - < ^3 1 4_C3_juaj— 4 4JD_^ ^1^. F 3^ 3.j 0^31 13] . 4_Jl_ljl 4_>3_5c_jJ1 

jJx. a/2 ^jL-oj ^jUuj 3^211 (j-u^-s i—3 30/2 t<—3-t_i2dl ^ij 4 i 3 l!i ojlj I 3 I 3 . a Lq ^jL_u 3 j 

L*_-Uj . i JiSdbj i a/3 3 ^ 33 !i 33 _ 3 jI jjf-u-Aj {jfC- ^- 3 ju <—2 iCjl^^o Cj^ 13 ^iidl 4 i 3 _^ 4 3 r.l iia>a 

. 4Ttl3^ L t.o^C. 1 —tUUjLuJ ^ i-U->J 1 ^jLajj 3 4-q.Lfl a 1 ^33Iu-aJ CjI JU^i-diXl 

t^^xd ^jjlail tjy ^ JuJjI3^,11 0JJt> ( j-a3tLj 

* 43i^ j-4 1 . 1 ./..i5vj -3 4-dc- 3333 d! ^ 3^11 j_>a |<i-at> ^jLu 3 t. ; < <*flxu 

: (jr jlxll ^ 33 ) 33 JL 3 J 4 JI 3 J! 4j 13 > L 3 J1 42M-Jtil J^liw 332 JI 3 41"^ 11 dajj l i't \«> diijdj 

lF=ma " (2.5) 

:oIj£3o o^^Lco (<u (j-oj (j^L^ol »j (_yi 3JjL«J,l «jlA (j(.lo-^V 


^LiJt ^3-u j^lis oL^ IF =ma = ma, J F = ma 


(3.5) 


4 —_ u £ ^3 >• 3j i^jJI ^u-u_>. BjdJXi ^3-211 ^3 <; (ji-j 4^^1—C. ^1 jl_>- 3 j 


(ajjijxii isLcjisLiit * jr^vi»>^0 


Unit of Force 3>21t 3 

L>3jJh oy 3JI L^JsI ^y. 1^. <—3^*3 iJ7 nIlj newton ^p^uJl {jr it SI ^Uilll 3^.3 H 3 jl>*j 

q ! i£j-S ^^y-sLoJ! < hij » 3 ;1 \jl£ - 1 Hi/£j! J 3 ,<3 £jL_uj3 1 file, ^.u IJ i l~Kg 4.1~x. < 5 

: 4 _jiluil <Lt«-u^j^J 1 ol jl 5 -jJ 1 jIjuLi 4ic. j^ujuJI newtonJl 

1 N s IKg.m/s 2 (4.5) newton t—AJjJLJ 


Lojux. (j^l 3^3J1 lp\ <-jz>j-3u (jyjJlj Pound jlj^LJI 3 ^ 311 3 jqvj 43LL*J1 ^1k mj 

^ 1 ft/ £j1jiiLa ^j \ -t -iU 1 ^ iC„ ^T t- q * 1-slug mass* j5j3 

1 lb = 1 slug.ft/s 2 (55) 


j ^ ^ i c^-uLl>a i—3 

4 

a .4-0531 t3j3ili Gt J->.j IS 

wtdL^^ll fllaj 4i3£tl 3^311 

SI kg m/s 2 N = kg.m/s 2 

^LLjj^JI ^ju^I ^UiuJI slug ft/s 2 lb = slug.ft/s 2 

a I N = 0.225 lb 

1.5 iJT Si 4JL?eju!j i 4tx£i 1 ^ tZj2l\ CjI Ct ju2lJ>J> 


J—lJu 01 ^)-il-3 y ± £m g-I *3l_3 4 Ij. 3 JLM 4 dj-2A-* ^yCiSZ—LJJ 1-4.1 *5 ^-#-3 i-t^-4- ) (J^_9 

t—xu ./Si {jjQj .6800 Kg o^ a£j£ I Jj! ^3 <3l^3 ^ 

0 I £jy-d^ LV 0 JLlihJL ZjjJS 3^3 I_ a (jj-^- 3 tc.jL-^3 3^-L-i Sd i 4-l T i^Jl 0JL& 

♦ 0 L*q^n 1 g j Ujn 


jj^j£ ^)LujlJ 1.5 (Jl^-4 

J^^ic 0^J^jp . ^yX. 1 < I^ 11 JuL>Ji O^ <jr^^ i it ^Ic. *^jkw JLo 0.30kg 4.13*5 L 4 ] JljL>J I 3j5 
jl j3Lq O - 4 iy-c- 8.0N F 2 3^3Jf. 5.0N 1 ^3x ;^4 Fj 3jJijl . 5.5 ( J < ?L’ii.lL> Cy-y* y-& 3j£JI 

»i ^ 

X dL>ol ^^^3 4 j>»jLlII 3^2il 

^ F x = F lx + F 2x = F 1 C0S (- 20 °) + F 2 cos ( 60 °) 

(_yX«/>4 ^3 4\X11 3 Jl>.J *S- 


<s> 



1 litli 


(Tw) 



= (5.0N) (0.940) + (8.0N) (0.500) = 8.7 N 

y oL>o! 4 j>uLiI! S^JLl! 

2 Fy = F\y + F 2 y = F \ sin <~ 20 °) + F 2 sin ( 60 °) 

= (5.0N) (-0.342) + (8.0N) (0.866) = 5.2 N 

Cjl_L_^j_d 6j^-uz> ^LiH ^J-ir j i jujJ 


(5.5) JSLiJi 

~^ «.! a 1 ^ l^> i ii ^ lr _i_ lLt»-J! 

Fj+1^2 4_Lu^>J. 1 3^3il tfL>v>l 


(l = 


<3 = 


: yj x^/u^L>oVI (JT $ ^jL_ulJ! cjL£j_4 

IK _ 8-7N 


m 

m 


0.30 kg 

5.2 N 
0.30 kg 


29 m/s 


= 17 m/s' 


jljuuo 

« = a /( 29) 2 + (17) 2 m/s 2 = 34 m/s 2 

>. .- x ^L?c-iV 4 ^jL uj }\ 

6 = tan“'^— j = tan"'^~j = 30° 

uM 4_*3Lc tSjv. LiILsLjkI 4jJ y fit a ^ JlC. ^asc. 3uJ 5.5 ^JfvxuH CjI 3JU 1 1 £ 

. LujLxI Jj_uL>u U Jx.Li-uJ 4-L^n >2 1 (jt *4,1 i«o >iXl 3^_nJI $L>ui 

* 

. Ij.3^ £-jL_u 3J! ^-i-ua-J d^SJ! ^lc j5£j LaJLic. CjL^j5 

^3je = —8-7 N j f3y — —5.2 N 


THE FORCE OF GRAVITY AND WEIGHT uj^IjSLuibj! 5^2 ^ 5.5 

L ylc. ^y=>J I 4 Jo ljj I j^j {j-uj L-CJ ^ * 1 1 0^-3 •O-oj)^ C-J JlTc3j ^LaL-%.^1 (jl L*_i—QJV ^JjU 

Lfcjt jJZ-ja . ( _p3jV \ j£j-a 4_^_i 4_^t3uj . force of gravity F^ 4-ol}L>JI 3jJL ^ <<t^JI 

.Weight ^>J1 Ojj 

xln3 jj jSjjz i)L>o g LcjLtoiJ Jlljj 2.6 ^ i <i 211 USj 

i^agfc j 5^F = ^ a — g 4 -cjL*.u3j m 43-135 ^1 Ja^3,<xill ^F — / 77 a 

= mg 


(6*5) 




ISL^aUukillj ISLulSLU' :JjVl 


£ji—i_aJ 3^- 1 3 *-^ 4JSLU g cTV cLjJ-^ C-.< y2 ^ ) •MS 3~^3 jl JlJLcj c-Sjo^f J^jjl ^ I i.1. .>JI JJ$ ui^ 

tj-*^ Jr § c-bj-^ 4_ t V1 4_ujL>Ji 

Lp-° 0-^4 il>3>^ ui^ 3 d-*3 *c3l>“3^ 4-*_33* l_*_3 j- 34 ^_4-2 .g L7 k. J_<cL*o 3>>^ d>! ^^3 
3~3-) t 3 y.i u& L i _y^j'$\ y^j^G ^yA 4_bLi_ui.l 3_}lo^J g . ^_<_u_3tJJ I 4. 1 x*Q L>- ^ .a J1 J 4-15J 1 

41j 5 4j <jl { j^£ 2 > yJ>\ ijjLoJLi ^J-L-t—m . JuOC—J 1 ^ b> < a ^jJj-LM~a ( ^> C ' (3^~ ^1-^-3J1 JLlC (jj$ 

.(150 lb 33-^) F = mg — 686 m/s 2 >^g = 9.80 m/s 2 4 ._, b ^ 3 ^ £^> 3 -* ^‘ iC ^ 33 *70.0 Kg 
^ i "n 3 3 $^ 033 ' * ^ ^-3 Ibl cdJjJj . tixd-s 684 N 4 ojj 03 & g— 9.77 m/s 2 cu-t>» (3^-^ 4_4_4 3 X "J 
.S^jIIo 3^*4^ *1^1 30.000 ft ^UjjI 3 * 1 3 ) 3 3 ^ ^.lioj 

^ul jk a 4 j l— 4 —£->3 ^j^jLj-3 4 L 4 a 1 {j\j±-i-u.s*- 3-L~5' 4jjI a .a tiljLb F^ — 171 g 33^ 3 { — J ~3 J> ‘3 

. 1 3 VJ 4 _l.cu-lI ! L_oJ 3^- t - u ~3 1 (Jfj J J 4 -L<-uJ i (JT^-*-A ^-U 3 J-& J- lC . . 

5 JjLuaA ^3 Cutj iiijjj OS^ 2.5 JH* 

<?Jui> ^3 . 1 jUU (31 ^-ajsjA 31 ^jl <«lb 3-^3 a 1 ls\ a ; rttfl (ji Cu^-> ^ jb> 1 L 

4 4 ._i 4 ^3(^43 3 “^’ i—3^_<_u IjlA c 4^" l ~‘^ a, 3 l3l_B ‘4Ll 4Jl_>JI 

J_a , 4JL>J1 jjt ^3 J23I i_iLI jrt~t*~ ail*_>. ^ jJi 34“^^ oii j’2’3 c<<ul wL4 dll jJj .cii_jj3 j3>3 

^3^31 do 1 

^ 3 ] 'bjjxu, dL_4^ 3 -^“ 3 1 33 i c 4 ^ c 4 ! 1 -x.xirJ \ l^jlIc. tdLjj ^- u l- o V 

. 32 j{ tiioLj dL-ul ^i->>l j i » <i3 <3^3 { j-*_iu3 3^^ >-4"^ tiiij .dLjj 3 d J“4*l ^" j 4j 4 3lr:1 

. 43^ \j3?i ilajo tiiJjJj (j uj. Ij 3c. i 31 4^^311 S^jl 


Lo n\ 4-4 aL3_^5 0-U-&1 13)lb . Lo 4 oj 1 j3bl 4c.j_t_to ^lr. I 31 HI 1 ^31^5 Sjoilb 3j_^ t_bJL cj 
^U3jl ^ t^4 1 (b) l_3 ^l33jl is \41 t ( 2 .) 3^u LfljJc. 33 ^^ Cr^- 3.P 

S3 


NEWTON’S THIRD LAW 3^3 OlQli ^ 
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^LjouI CjdtLJj C. .3.1 >J1 31 1 _)1T(5v.11 J^JlO l—4^^t4 li-olll^Ji \jjt> ^yA {j^J ^Ic. cILlj^L Ca b*! ♦ ts~> 

till jJl>. 3 3 jl.oVI 34' o“A) <-ol35311 3*-4 ‘-i-cbl 3j_3 d_*_bj lajj .ciijJLw ^3 ’ b>i « « *i 45 

; 333 ^-4^^ (jJjliJL) C^J-*- 3 il ^louM ^j_uL_a^j ^ ; ^3 4 b» j m 41 4 jj-5c3- ^ .1.14 ^3' 




dzD 



4 .$ ^ rti \ iJT ^ jL<_u_> 2^.,^_->Jl l^u-u-^Jl j_u'u ^ya t 2i.il ^^lii Fj (h) il c^JLjJ! 6.5 

^ylr. 4_3>JJ ^_ljG ij^A 4 j. I till! f j in 0$ a\\ (b) ] I ^ If. 2 ^n-^u__>Jl j-jj Lj l. i~u_i" F -> j 3 j_3Jl ijLjuVl ^-uSLc 

• 43^. In II ^)Lc-»-aXl ^-ull 4_i_c«/tjJI F^ d^2j| ^.iSLc. ^ ^^LcuJ jl A -»till 

(John Giilmourc/ The Stock Market ^ 


^3 4jjL-u-c 2 /g t *l>JI sjr^- 1 1 /j-^ L$j F ] 2 UJ^ ^J) 1 <» °> *(jl 2" l2l 

: 1 ^<u-uj>JI (_ T lc. 2 ^.xii>JI 1 _^j j2^j ^pil F2| 3^3ii aL>o5fl (J7 3 3jLu2_«j jIjJLU 


F]2 “ _ T> 


21 


(7.5) 


2ys L3 2)1 3^_3i! iJT l£. 6.5<1 ^-ua^XI 2)_5- J X3il 1 Jui> 

£_i2J *UoVl 3 A 1S\ AJ jl, 1 3 1,1 4j^l ^1/3 Oj 3 1 jJ3L2j <>JJ JlJ Lt 3-j 1_>JI >Jlj . LT-^JX_>- 

. t i i!r, 

1 <*> t.u. >J I ,^321 3j_3Jl ^ <4.^0^ a i 4 3 ^_b 22 ^.3 II 223152 |jk52i.j 

.JjL-aJi jj 3j)3) l^ A ^i>Ji 2 ^i_u_>Ji L$_> 2^-P lP-^ 3j_ 3JI Cj y^_xxu Lc.i3j3L 2 ^i»>JI 
3j 3 j_3 jIjlUsI J-*—oJI 3 ^j 9 ful jj j! ^Jt all 3^Js jJlLcj 2)! 2>^- 4 2 clA-ij-SJ! 2>^ 4 3 j 3_>J 1 

.2r'-‘il32t_4 2r^ + *»y (J* 3J1 J t a II i3j_3 <J^ cr^3 <<V)j 

sS ^ 

^ylLlI 4_ujl_>JI 3j3 F —/??g 1 _Ld2-3 ; u \]ri 3 1nj i _hjjJLa ^,-ic. 3j2.jl! 3_^3JI tjJLiiXl ^u .u 

- - o 

(PLc- L-3jJu-32,i l^j ^-3^2 (_^3ii 3j—ail j—A aJ—4> ^_y-3 jJ-jcail jij . t_3 j_l. 31,1 (jji^ 

<?Lxj u_3j,\ 311 ^jLo3i ^ Fgt_tu_t-aj L^sS ^-$6,\-n{\ s^z-j ^jL^uj ^ F ' 0 jmJu . F g=-Fg 
. \ j-Lt-i*r) 2j_P^ 2>[^ a^uDjVI 3^521 4i3^ 2 j^ .^jVi 

6.5 jJ5l3lJl ^£ (F^ n ^3^) J^- * 1 liA cr^ ^ <<2 jj 3j3jil 3^-3Ji {ciiJS (jP^- _2->-^ 

(F nh (Jju 3J1 Jj 5 j_ 3^ <VUt Q^ C jl 4 t nU 4 U 3j3jJU 3^1 i>l->uVI ( _^3 jLuOJJ jlyl 311 lj j£i 

.jL<u-oXLj ^j2^_l^ij LojJil ^La5?l I 4^.laXI 4 <■ 3-3^3 3^311 aJui. 




Oj£> ^j^jJ L*d_ic. L_j 2_£JU di (£>. i s l'-'. 3 L->» (._ \j-ts\~\ Lojdil 3 j_JuL_u 3 jdJ-tjJ C-JLjJI JJjLdJl j-uji-A-} di-jl 

.^oJL>JI j'uLfc ,^3 Jjuiji djj JjLfljl 3 j 2 JuJ_>u ^jlc. ijdl-3 U3^ l4 


^3 C-^j-L1 ■ lei.>J jl ^ < «J d_3 wLa *>0 ' Q —a-uJ ./j2—i-ujl dl—>o t —^ y^a ^y-A t^ y a - *^ - -c u ^— i7 i 

jjsLiiJi 4 J*^Oj £-3cjJI ld3> ^JJcs. . 4_La jj3 L-oddc. id_i_fcj i_<f>jll dij-a-u^ j 

. j3jdJ C-Jliil 

<-u >Jl I j-jSs idl _3 .^_lu—>. ^JLc. 3jjjLL! «, id—>- 3^ o_i F g 4 xidl—>J1 3j 3 Cd—■£■ 

^3 ^j)L^-u-O j j} jadl-ti 1 dJjce-IL)^ IdU. t 7.Set ^JSLduJi ^3 j£> Lc5> 3dx3ai>5 ^ic. L)3i^^- L<15 

J^lc. 3d-da <11 J_ul3 CjJLSSJ ^dJtj . 4_} di-eu-Xd 3d ts~\ A 1.1 l—e-i -U J JJ d j 1 * .11 dJj-»-3jV ^ Fg ^>L>ol 

q-a jjjj 3 ^ \3 \\ uj-i j-u -4513 3^3 (J7 _A 3_jdj4_*Ji 3j) 3J1^ . 4_jj^a_*JI 3 j3lt n ^^ylcl (jy^j 3^-3 j 1 

dci j33 ji t 0 Lyii 4^e_lli 3j3Ji x_4 4_4 jV 4 4-3 (14 tJ^UJ 3.1 i3dll (JS^“ Ja jrt r » , 1 1 

& - 

7z L- m ^uj£^ tdjj , 3dA>i.}M f-d_uc3 4_La_3j jau (jr icV 4rt3u^ i3du3u-<ili j.< ttfvJl 4 _Lxoj 
^ ajfe3u ^3j ld]^ . I ij i3d_dalll 4 ^kjL jJ 1 4_)^^_^jtil 3^_3Jt did^ 3^ ^' 

(j^j^...3.jI'lli (jy-i-c 3d L4J ^3^3 ^3]I 4_jd^>a_*Ji 3^_3Ji ^y^2u3 l3.lt ^>2 i-3xSJt ^d3> ^< 3* > 

. (3du3alU (3j3 /_ps 3il~Jl tdi 1 j - a.i^> 4jd^»-*^^ 3^3Ji 

jLjS- eo . U j 43j.Icj.Li 4iLo- ^j-03 . 4.3ll--^ 1 ^Lexio- Vl ^jj-Lc* L<uld jillcw_^dj-<i ^Jjuii! djj ^J_*_iiil Ljj 3 j3jj 
tla-a- i-^—uj jl -a JuJti 4-3jlc.lt (jy-Lc jdj3 jljj--3Jl ^d-Cvl 6.5b ^JSLuiJ 1 (JT& 4_rt—i3jll 

Jjcit-iluii (jLjjill >3ji 5.4 j ^Jji- A Ji J^LuTJt ^j3 <__t^jJU ^yA j 43 ^4Ji j^C-jc-LAiJt 

.<-£jL\ 

4_udloJl 3j3 jJiLo-sV 7.5j£L*i (_y3 jjjj 3-tl3l] 4__A_e.i i l !L> 

jIjjjj C cj JxuiJI d^j J-*-^-lt n 4jdj<a »b 3j3Jtj Fg 

4iloJi £d3> ^^,3 jJjt-oil dj L3 j3 . 3jl3ll — d-^tj 1|- ^ (jr^- 

♦ jji ^L_*irw! q\ j3j 3 n j F g 

I4 J jjJj C _ 7 3J1 F f 0 3j3JI Fg3j3U J-aufljl dj tjt ^ 

t _ =r IiJI n 3j_3il j3s n3j_3l] » aiH djj j3j^t (jj4^ ^ 

jl ^lilU i i>l 4-i 4c|3 3di3ill ^ 

F a = -F # 0 3 n = - n 1 

o o 

^jt... A-qj ^d—II3 3! d— 3 L1 jq rt 11—«-4-l n j n jdjdi 
CUa^>- *4 jT <h->-M_i ^yjliJI (jjjLilt ^y3 . F„ 0’^‘ n LT^ 
a^aJL ^jL^il cjS . Ul ♦ !>. il ^^—>d i( 3 0) -i( ^^—>■ (jd Lj^dJ ^ ^ 

.4£^;uu^3 3di' .F a -n-mg q i 



(m) 






SjJiJt (jj-£> 1 ^y.lr. fljjjji.1 ^jJxIl C>J. i^n'ija Lt^L_u (jjSLl La JLif. 7.5^5LfrJ1 

OjJjXi II 3j_-aJl j_£> nJ 1 J.*_a.11 Jj t(h)cj—>»-H ^y-5 x t.oj—a 1 ‘s 4 1 ( 0 4 tJjl_3>iJi £>j_3j fl 4_>Jj)..4 til 

.^jlsjVl 4la < jj 4_>uLJI F t , j-A F u ,Jjl 3 -ij5 * **-* l ‘ ri *L ur^~ 4L.t-».itj-> 


£1 5.5 jj>“ JjLuJ 


£-3.} fljJL) jLLjJ L^^jl (<i)£Uj_t_u ^j-ojJJJ I £_JjJJ t__t_>-i_>J l ( *_4 flj_Jo>- jOLuSJ Jk-iX. 

Lc.jL.tU ^_jl_*_Lu_u 1—4 ^ > I (fc)) flj fl 11 11fl U {jljul—»-!■■< A) 1 4.^jl ^1 flj. L.>«J1 - J .XI 

S^jL-u-tii /j<iii.• t 1 j_!i ~i~Ltu L^t aj.<L>*J 1 

3.5 JL-4 

*3 jj L*—c 1 4 4 >jul cXLi <Ll.^juLi Lr lc. j : n..<^> L juaLl 1 ^.>.lj _4 J-^j <—Lu 

. 43L_u_s 1£j_>u ciijjjj jjvVI 4-^jvIj^q ^3 1 4^jLgaJU 

5j_Xl 4_c. j_t.uj I Ajju dJj_3tjj L^j \ (a) 
^xl! SjJaJI oJlLI! ^jjjLILI LLL . 5.5 j.jj_H JjLuJlJI ^3 aLoIj L 4jLL_> ^-u^jJI 1 _la : I 

t (Ja3 Jj — <J_*3 La Lt | 4 In 1 ju I _^j JjkjJ 1 ^lc. X*_P <jr^ ^ ^ J-dJl J JjxjJ I 4k<» I jJflLl 1 ^yic. 

{ j r rikj 1 l^_uJI ^Ma .) IjLj ^3j_t_u L^)Ju (j/u ^L^>- ^jlj-pa ( *_Lsj 13]^ .jljLLl ^,3 LjLuj (j 1 c__tj^cj lIULIj 
. j_Ll ^jL.tul 4J tJJ^u ^J3l 4LX 4J ^5-11 ^JALH ^jl-3 LUjJj 1 4 ^ia ^1 4 ^ >.1 j-_4 4 __SjjL j 3a^J I 
jLLil j-jX^/ 1 ^jLiiuJl *4_L 4 j-J^ 3j j 1 i ^<11~ -> 4 (j^jCjl 44~uj 4-c.j^-uj tjJj_j^_iij 1 4 a 51X 


ISLcaL u iSLolSLUi i Jf^V ! I) * t 


' 0 ft) 


. ^Juil 4 jC.j_*_uj ^jjQ.11 4_Lx3_> 3 JlJjl.JI 43£j_>. 43c ^3 uj 3^3dJl aJ-A> 

S(jl3 t^^llLa U^jjy L^-Lu ‘jJ^elu (b) 

ig—i 4 (j^£3 ^xJI 3^3—dJ I >- J—*_) 1 ^-Tu 4.3 Lis j—l£\ £jL_<-u 3 4j 3 loll q\ C_<_i_>- * cW' 

. i n fl^Lua 


j"j3* jit?"* 1 .? * -t.lt. ^jiau 

SOME APPLICATIONS OF NEWTON’S LAWS 

4J yUl jt (a — 0) 4j^33q Lai I ^Lcu-^ V1 Lr^i J-^ (3 ^ <■ “1i Ij-A 

i*-£j . 4_^.jLL 43jL 3_^3 ^j3G 0->o ^ j 33 f u -a Jo_>- ( j r 5 £jL35 4*6 

fi 

[J, jp->o JjLlJLI 0JJt> iJ y3 3JKG>.Vi j^-uG J-a^j 1 . 4_uijjjJi 4 £j->JL» f£t ud^ut lul^ 

<^^2 <J_Lju J_j-jw (_£l <0l£ $ J j>»tJ .jj-oLol ^-La-t-oJl <jl oJufc Q^-' u (1)5 h^H3 ‘^J-^ ijM 

J^Id 4_1jIj (j ^33 ^Jj_>JI (J ylo 41^31 j-Lc 3j3ji! 3^_3il jl. i 3d 3 3II ijub . 4jt m il 

^AU JjL-*JL 1 4fev.ll JLufcij it_3_u2_>. <(-Ju-33w cjI^IjJII V3<»3. (J,* >*11 <^311 <JoL33li 

.jJjLuuJLI j3c 4fe^a 4_ fev I t (jl 

(J7 ^'3 » ^ f.«>Ji ^ic. ^3 ^3 ^l 4_i_>.jl_>Ji ^J-3JL i^-t-g.'V ^yic. 3. t ^~ 3 ^ ' t£ -.3 

F n 3j_3Jl ^jl^J 3* 3j . Fg ^n 3 ^ 13 \ 1 j^J-3 3^_3JI 7.5 ^.5 

(Jylc 4 d a tUl j-ic. ^lill ijr £i y g lajV GljjJj a-a-U^Itjl ^1^. 3jUuaJJj tjr ic. ^>3^3 

3j_3JI ^>juk jIjG^oc t^u^i ^Jl iJT ic T3^ 3 j i^_u^>Ji c_jjlj%- ^lr. 3-^ *j <J 1 ^J LojJ^. 

• 4_u_uLlS 4_p^ JL^Jl LilljJ 4^Jt3jO 4 _u^SL1 ^1_l3-o L^j 1 Ca_^>.j (jr^ 


3 Lacj^j . 8.5b JSLgJI i 4^>. c «^«<G 4_s^_c 

^34_ij_*J! j3^3 ^3]I 4 j 3 °i^t 3^ 311 l! 3>.V < 1^ jlr L^j ^3^3 ^311 ij ^>)^ 1 3 3-^3 4j^_*J1 ^jL^uj 

3jjI jJI i.uy j. 4_j^jtil j_Jj_>Ji L^j j3^-» tJT 3ll 3j_3ll Jlo-J 1 j-ajJI ^jl3c3L<-oI ^ Cj-^ 

^-x3>lj IJukj . 4_jj_»il ijr G. 3j3jJU ijj_3JL tK34 ^3^/5 dhl Gi>^J l 31 8.5a ^ 4 _ij_*Jl J y=>. 3U 3 U 1 

(jy J^. ^j3btj 4 jj_*J1 3j3JJU 3^311 <3>^3J1 ^_i_ojJ! (ji-^ ^T 3^3.11 ^1 4_3Li3>VL>j . 8.5b J^LgJI 

Cf^ (j^r -ulo^til ^_ujJi Ijui. jJlLxj .4 jjjlJ 1 ^lr~. c j3>jV1 L^j ^3J3 ^_ 7 3ii FI 4 jJ^xu*J1 3j3JIj F a 4_u3L>Ji 3^B 
4^ol_4> 3j^U^. J->»-ll qu .lOeJJ ^_or x.^11 t^x- j. Is->yj]\ ^ < <1^1 S^jJJLl 4 _l>.jL>JI (^jGit 

“ “ i 

3j_3it tJj_>Jl 4jj-*-li 4 \n 1 1 >I^J 3^3JII ^$2\\ — L&U^£3 (JT^II ^J_3il JLjlbI . ^3^_u ( 3 J i b> I 


<s> 








Cjz£) 




<t»> 


4_i__^.U 4_^_c y-*—*-u3 (a) 8.5 ^JSsurJI 

(fo) ^ h . 1 . 4 1 ^ \r i . / M 1 C 4——_jJ1 

i £$—<21 J— ^'' ' f i * ‘ t ^ e-ii (jr SC—i — Coyi 

- 4_)j_*Jl ( _ 7 i^ S^jjJ.1 4jj>-jL>J1 


4k < <; 1 gj 3j3jJtl 3j_JLl3 1 (jr Lc. 4 jj—J ul! 4 F> < <il^j 2^J5jil 

l ^ r >~ ■ J. .* *0 ^3-11 ^uu^Jl t .nj V -^jVl Lr k. 4 jj_»JI 
.4_3^j»ji j,_>. i cr^ 1 W- 5 ! <-< 


4j I—j^yjLjJI ^LUI (j) j 

• T A' ol—>ol 3^5jJ,l 3 J—j_>.^JI Bj) 3 It . 4_>^ *JI ^Jlc 

:4_l1sVI 4£j^tU ^F v = ma v Jyu.Ja3jj 

F = T = m« j' «, = — 

M 

(3—.y 4_j—^JS_>3 tfl->o! £jl-caJ Jt 

:oi a y = o ^F y = m« v 



n + (-/'’,,) =0 jl n = F 
© © 


.jUI oUGV! (^o^i 


^1 jLg t-jL^ x<i 3^^ ^j i cioii Q- x — T/tn ^jL_i_u_iII <4_3 jLj 3^-s T cj_jL 5" tlil 

• 4-Fa^ U^. <lc^«<_uJlj Ax 4_j^jlII 4^>.l3] 32 ^uza 1\ {jA dulitil ^jLtaxIl 

■.LS 11.2 j 8.2 (yGJjlxl! 4 j 135T /^5L<u u,^ ~ Thu — ciulli 3 ! 



/n 

v xf = ”,,• + -K 

\ml 


Ajc = u VI ; + if—)/ 2 
\m/ 


3^—all jl J —a —a <jj£L» ^ LaL-Jj— 53 ^-11—:>Jt 

3 L>21 1 jui> ^.u :. l 3^23 *F eJ U^ 

o ** " 

^ylc ^_33^_XJ <_jl_It£* 3)1 1 * Jliil 3-J-J-uo • L«4 j1j 

^Jt> L^-< F 3^ 3 > 3 ^ t (jyJj 4. *. *3Ju CLljI j 3 J_ lojLa 

ji—>.^_ j*2 ixUjJ i ~7 j l—35JI 3 ^ c. 9.5 3^-3uJ Ls 

ji n - F g -F =0 ^3 (^lj 2F ); = 0 op» ^jJ-3 

.n = F + F 



ISLu Lu dlfj gU^uIaij 

JiUttoJI JaJ Ol^xat^j 

: (^P^- 5 lX*-*I_L s ^ \c. -j^ ^jj>o JjI «.» a J^LaJl jJlc. 4jbil 4JL^laJl ^Lul 

. 4jLi-u-<il] c1o_lx.u-? ^ 

4 . 1 ( . oJ - J Ls^ . ^ < a ~>3 I l Ju^i ~|< 1 .ul'V 4^^>J bJfl J ^ * 43t£^>* ^JJL>«-> iS **0 ^ \ {Jl^X. ^ ^ 

. j^_>- ^ i urr £ (JSJ *))lus-\ c.\ a 1 jFwI-v^j L^ ljjj ^_4_ujl t^.<_.i_>. j^&\ i _ r i£. (jr^^ 4 ak )5bl 

. 4_j ^kj.^jLd ijr^- “ ^31 4 _Lu-u1^J 5j 5£JU (j>-^“ —^U-*i-J>J) ^ Irij U->- *>11 ( _ 7 Ji JiwOjV 

. ! tfJLA ^Ic. L^>^‘ dlL£ij^A J_>-j! ^3 ^<Uu> 4 _u£-uLog 4jj! Jjvl jjbfcjQ ^3 Ml >1 

(jl J-^Lu (_ T ^i i_dj^J>L*_c jL *_2 i ,jy^ 7T <frl . 43 Ll£j_a 3j^_i^ ^3 £F= }112l ^j-uJ ^LJI ^LUt ^ 

. 3^3Ji CjIjl^j l^J jjjl>J 1 

CjVjl—jtil ^yA jj- c. i-iL jJ 05^3 (jl 4_jl . 4_>jlUU a!—^-. <31 cuLl^jJ,! o5/jLjl-a <_}>* • 

. ^ 3 ^. {_ 7 ic. 3 ^^“^ ^j-ukL^JLi i-^L >. «a 

311 cdJ^Lv ultijj l tl ajl j> t 3 ^lj . j-jv —^ Injb~> ~ 2 I ^_t_u^JI £_>s j£l^33 li-LstjLu Jl^Lj • 

.cfJLstjliu ^3 lLu>JI i^_al ,V,<1 ^yA ijijj f. f 1Ka* La LJI^j .oI^_lAIL<JJ <^->till 


jj^-4 SjLjjJ 4.5 ^JIj-4 


(j^L_j_>Ji . ( J_aL_^_j ^jG_GLa J_i_>JI I jui>^ 4 3t» <3 125 N jjj—■0 3jL2ui 

. Ci^Lijl JLj>JI jlAII . LT n&'$\ j_>s 53.0 j 37.0 pLiJLuaj ^jL^LJI 

(_ ^ Li 2^i^ e_j x; — ^ j . 4_! 1 __><jI ^3 4 a < uj-3 ^_i_o^Ji ^_^- j c?^—*-5 10.5a 

Ci 51231 ^i 3> la a !1 i 10.5b JSL2JI t^rL_J.i ‘j^-U 3jL2/5/ 1 (j\ a 

(jl Cud jLo^5U iyui „Lu -%■ (^jb BjlIjlII <?. 10.5c JiGJI L<^ ^ La-^s JL_>. 

3^JjJI ^ji (_3 ^_ju cilJjJ ^ \ yA .i^ 3 ^11^,31 Ijl^J ^jL<_ul31 jjl gj^j . L^J 5^* {.y* j3Lu..^ > ^pJI ^^2J1 

, 1^. a.iu2> > BjGjtii ^ lr 3^3i \j 3^L2j5/ 1 ^. b . 

3jl .^<5i 1 Cj—*— u i^jJl ij _<vaJ1 3 - 1 _>31 4_b__tdul^j T 3 aj. <?11 10.5b 3 ^—gJI 

3jJL*il / jr i c 4^3JJt,I 3^_3J1 jJbejj 10.5c jJSLtiib 4 _l2U oLu!jcv 5!! jjL^o jl33cj ^3 . T^ = Fg — 125 N 

.I^jL^a ^Jj 



X AjS^I 

y 

T, 

-T, cos 37.0° 

Tj sin 37.0° 

T 2 

T 2 cos 53.0° 

T 2 sin 53.0° 

T 3 

0 ' 

-125 N 










. JLo- CjMUI JcU^J <^01 D-LflA-U ^>- -^Lui^J ^-t-Hj (c) 


: 4_ilH^ LuSLxu (H— 0) Ajj-j-xj oa^tll ^j'\ 

(1) ^/-; = - 7; cos 37.0° + T 2 cos 53.0° = 0 

(1) 2 /•; = - 7; sin 37.0° + 7; sin 53.0° 

+ (-125 /V) = 0 

i£j-> (2) ♦ Axw dll ,^2) ^^1 i . a~o <jl *-r x -^ T*2 J r j J A-i^JaVi oLl£j_U (1) 

^2 ur^ J> ,is±s*i\l (I) Ajjl_xU 05“* J O' ^9 J F | J A-O^— 


T, 


(cos3]XT\ = 3 

‘V cos 53.0°; 1 


:^f Jl_>o T j aJVju 


:^jf JL>o (2) AJjL*_U jjyS 1 2 jijJa-a {_}£. 

T { sin 37.5° + (1.33 7,) (sin 53.0°) - 125 N = 0 
7, = 75.1 N 
T 2 = 1.33 7j= 99.9 N 


. j_xa CjL^c_lli Tyi A-^Lt "a ijl l-Ocj La riiTi 4,1 Co> A^jLa 4j\.,iU tfjufc 

.3jujlc CjI^ jj^SJu <—1 jl>. <LsLa Li-As *L«LlI1 a^JIaXIj 

$Tj= T 2 03^ tf* cr^ : Ori>* J 

. ^tlrOuj^L-tu-a tjLAli ^-uoj LojlIc. 


iS J i a L u JlIIjISL u lSu l t 


^4^X41 ^jtSUM ^yLC j^fxh^ $J5 (J\j+4 


4B^LL>J j _*_3 f-jLi^j ij^c. (s) . Q (J-uw ^jmLa\ J3L« ^tpuuLij* (J7 i£. HI 43i3£' Qsiia^ 2 

. SSjjtU 

(j^JkiJ ^LDI 3)jjl.flll ^JL-3-.ILmJ o* iI x.C^j aaII 3^3jJJ ui^JL> Luj C-<-j_7v 

^->> — ^<u-u->- ljIo.Jin.7t3 Lc-t~uj ^-<u-£nj ^U I 1-5ti JfLoJ! (jy £t U£ IjlnjlnJtJ Lc-j-uj ^ljjj^ . <^yr 1 3 <311 £jL_j3 
n 4 -jJ i^-o—»J 1 S^JaJi ^^n.3 nJl ^.Ir. j3j3 (jt 3JI 3wLo_>^Ji ^j_3Jl . 1 ] .5ft ( JS!.x1 JL JA-^ 3 _$-& L<i-^ 

(jr lHj F 0 - trig <L_u3L>Ji 3j>_3j t^j)3 <*JU L-i^-s-C ^3cp (J3LU iSs"* 11 ‘0 4buul^j 4 - lLt 3j3jJLt 

- o ~ 

jL3-3t_} ^)I u-i-i-ul3J.i { j r a ^JjLo <S^- L - U '^ (_-J-^ ^£^3_>o jy3Jl ^J3L-t^$JJ 4 -j-j_u 3JL»^ . LsJ> a^i_C j>3_Jj 

pj • 1 1.5b ^|5\ 3i.l Li 3 a^-° j-A Li 5" 4ji.r. 4 j J_^.^.r. V ^ Li, 1 ^ ^L_aJ I <J ^Lc (J3_«_y V X rj_^3J Cj Ljj I 

j^_>JLi ^.Ic COS 0 4_^_uaJl ^ X _J Wig Sin 0 CjL_l5^J*Li 4~jj3L>JI o^J*> ^Jjulu-uj 

.y J c-JLJ! 


Lr^ Lp i J * 1 (jr*!—-*J1 (j^jL_iil [J-ciu (j^J 

:(2y = 0 jj! <<GIj5^j3 

(1) £F X = mg sin ft = ma x 

(2) S^y = n - m 8 C0S 0=0 



mgv os # 



U ^ l_£^H 4 ^ r 


(O^uaij^j 


^yjj /?? 4 ~ 1" S A.4 (a) 11.5 

U-> ~i ft (b) ~i ‘..1 .a 

j jyiz. 4-CjLx^iJ C)t Ja^-V 4 ,1 /-i.J-1 L) j-=s- ~ 

.g sin 9 3 ^ 


4_i^^J,l /j-a Lt3tIJ JjUI (_^^4_cujl 

* {C, ^.L <.U-^-U ^J.3 LJJ^ 1 i)L>0^n Fg 

(3) a - g sin 0 


Ju^3LjfcjV l—<- u3l.U 4 ^1 ^Juk l tJnrwV 

.g <iU3£j 4jjlj 1 ^ ^ 43*3j 4135 (_ r i-^- 

‘ 4j I 4 Ln^_ul4 jJ3_4 (JjU*1 L $y^-ul\ 4jJ^^Jl1I F^ 4_i 5^G jj I ^333-caJ (2) 4 J 4 UI! 

<L 4 jJ 2 .II ^ qL_u3V 4jJj^3 tit 3^ 311 Lgj4 ^1 4jbtii 4ilL<jVl JL>.i yJt> l . fl — /72g COS 0 (jl ^yJJLAJ 

. ^ . . 4 4 L > J 1 (jjj 

dJJt .fl ~ 0 ^ ^x~ § 3 1 @ = 90 ^4JLtkJ1 43) i£jji gJLlljl ^Jl^J j In ilL) : 

n-mg j a x - 0 j 0 = 0 U jl3^ - J->~ Jtnj) 3 l U 4 (jy^ (J^l 3^11 jft 03^? (_y3il 4JUJ1 ^_UJ JcDjj-tJJl 

.^3.4) ijr ic ^j^33ll /_»4JUJ1 JlA <jr 3 i(L^J 4-AJ-9 ^ ^4 ) j <S) 



4t {jrUt 


all 4 _sL>- ju 4^1 «ullj tj^m «i.U 4-<^ jJx. '^Sy.pcM jILi ( j^>. j2 J1 (j! (b) 

La, V lx. <Gxj_u) Laj 4>Lu (J^L-cuI ^yJI Jr^j! ^wa a JLl1 ^JLa-Lj ^jJl ^a^JI La . (1 ^ jr A ^LaJI ^1 

SaLOUi OjJt ^yji (Jm^U 

: 11.2 4_bUU J>*IV> J\ j a x = constant <ji t 

l^iUI 4$>>. JJrell Xf - Xj = U V( ' f + 

LT lfl. Jm-gj D^y = 0 jX/: - X~(l <>■ Ij"21 £_aj 


<i = \a K t 


(4) 


/ = 


2d 
I a.. 


2d 

' g sin 0 


:<jl v x i= 0 uJ^ "u xi 2 + 2a x (Xf - x^ 12.2 SJjlxil 

v xf 2 = 2 a x d 

(5) v x/ = ^2a s d - -flgd sin 0 

A a ~*")V ^Lill ^1 all 4_>.Lr*j jJI (j-ajJI Jjl (5) j (4) 4JjLlU 

J. ic “i. <.»L ig (j*l±xa L^_s udJ^laJ 4 to j , xu 4_ajjJa 4 - Jb^_LJI .^jL-a-jJ1 JLq ^^uLJLJI ^Lr. 

JjLII (jy-L af?H l^<La i I 4 _sL_uJU^ \S ^ ' - L .1 (_Jj-a 4 j^ 1 j {Jm\—±2li^ (jr^ \^^j-uxA 

.(4) 4_LL*_U 2ya g c_jL-ll>- ^j^SLaJ t4 Ln/11 *>Ju^ ^1 Jjj-ojJ ^j^UI ^j-a^Jlj 


(^^YI^jGSjQS 6.5 JLla 

F 4lulj 4 jd 51 5^3 CjjuI .(j.ulaj (jr a-3t ^j)~t < u a ^Ir /?2^ ^ f7l j l a ^-<1-* * .J jLuja^La -jLL^ OJt-uaj 

. Lxa /VClil^JI £jL_u 3 4 _a-t- 3 jj-tx. (a) . ttl j 4_ix£Jl ^JlC 

iVilouayLua La-^j i c^.j-%- ^jL-uTiJl j<uiii LlK Lj_j_^_j ^L*Ji 

# JS 

- - LLjL.^ 3 L a-t-oj j^jL-uJI jmi * t a^ j! 

^_LU i j~>- -~>J 1. j. L^L.^ *V'La—t-qjj (jAa-m..-?cU 



(a) 



LLi jkai J^kJI Jju 12.5a J^JI ^ . 12.5 JSLill 
2j_aJI F (jj 6 j_3-j 


LL_I^ 1_*_a ^7 iL£L 11 ^Jl— *_j 

^LL-lll ^ JT ic. j-jJj ^Icll ^Jl 4 _i__>.jl_>JI 4 J It 4^1 

J>2>o 

^F x (system)^ F = (m]+m2) a x 
F 


(1) 


a . = 


m, + m 2 



(wLjjIISL ulSLiit jJjYi ^UJ^uall 


• 4_d_>. 1 jJl { £$2l\ CjLqj)-U_£ ^<2^ ^J^Ji vla^xt.ij (system) ^Haj£ U>3 <j*CLti£JI 4 _>JLsuq 

. QOl&J! ^ru 4ajliil c^}\ ^-l 2 ij^-C (b) 

iJ->- ^ 1 l ^ g / 4.. L^ 2 lL c ctllifi £_!Uj jj-<5 c.y_>Jl ij-<fe 

3^221 jji 12.5c l J£LiiJi . P -i 3j} . 1 2.5c ^ 12.5b ,^JSLc<J! 

( _ jr lc 1 <tl 3f LH _yuLj 2ya 4 ^>uLLJ 1 3yaJi P 3 yS {JT & 2 AJltSyJi ^1^- J-* p ^ J^->-oi i 4 _l2^V1 

J_o£X^J 2 4_ij£JI (JT JuC Jjuolxb^ . ( _y\_o-21 4 _o*L l^fcL>ol jjyJta (2 4jjS-b 

(2) £F X = P = m 2 c/ v 

t ^lc (> J a ^ { 1 ) 4j—ljfcJ.1 ^j b- ai j l 4_a-U2J (2 ) lj^ 


( 3 ) 


P - nuti 


m 2 

m. + m-, 


F 


i^j I 4 rt j 2 1 £30 ^ <l~M Ijufc^ . F 3^3^21 3^_aJI t J^3 P I 3y jj! ^ 3J.7. < uj ‘bje—pJJ! 4JL& 

ii7i.!1 (jn3t ol Juj>.^' 4jj11-i U Syjl |Jij (jl i_a>a^>-j 2 4 1~F 11 Lc.jLji3 ojuscjJ 4j_jHai.l 3j_3J! 

. L^o (jv~17531 (j- 0 <J3^4J jaliaaL! 


3 ^ '7. 1 L) 4_ia_ii.l 1 1 <d£JI i^y- 3lc 53 J 3 II jl 17 c .L P _j 4_^UJI (3) 4!jU! y • 7 j *vj tji ^$Jtl Cy* 

P 43^3 ^ a jl l 4^s. >-*5-1 ^ 3^_3J1 l _^Jt) 4 j 7tiv . l l t>JLA (_yic- 3 J 3 J 4 I jV91 3^_5JI . I 2.5b 

P clJUJI I 41x521 ^ b 2 4r.vl 1 ^_uij 4 ■ »)~ 1 4.7 <J.l_tjl 3yJl^ .72 1 4_x>.Lj 

- tjj T g. 7 T l i I I 1 1 4 i"X 1 l t _yic. ^ 3 ^ ^yjUj! ,J) 1 1 bi< ) 3 . IP 1 — 1PI viiljjj P -1 1 _}a3 Jj IJT& 

(4) %F x =F -P' = F -P = m] a x 

: t _yLi J^stLj (4) J>0 a x {jC. (4) 4jjl*II i_y ,yj3»lllj3 


p = 


F -m f a K - F 


m t F 


m, + bi, 


m-. 


\ nil + m 2 


F 


_jji La^ (3) j_a (3^3^ lj-*3 

F = 9.00Nj m 2 = 3.00kg3 mj = 4.00 kg (jl£ 131 

4lutijl ^3 311 4 a ' 4 a 2 1 1a .11 1_. dill 4 . a < 4 ^>. 3 ! 

. P = 3.86 N ‘ a ,. = l .29 m/s 2 .2UUV1 





■ *«■■<* <\S» 4i(d ujj 7.5 Jll4 

. 1 J.S^jS L i T a J Li a Lc^ . j.»i.rr? .-a <. a n .-u O-lLs m l^li'l.^' 4 SLq_i_u 03^ 

.^jL-aTu jJjlxjji jl ^^,-Lc.i ^j J-*juaH 4JL>. l_£jj^ ,j£* t. ahscj 4fC 4 . 4 . 0 ] I 0_u! 

^aJI^ X j X (T = nig ,J^L_«V 4 _u3L>J1 3^h 4^L>a_tjJi ^Ic j3jp (jr^^ 4_o*jL>Ji ^^aii 

3~\ CUjD Ji <^aU I3j *<i)L>~ x ^ 3* l _ r -*i> T Jl.<3JI 0^3 O^- 1 ^jjLoji c .^I^—lII ^jja L^.i 

jji 7 ~ Hit* jl ^/'y — 7 — lilt* — 0 vjJJ jJ^ 4^Lt*iTu 4$_<a <..i-Jl uil^rtoj ^ 

.^4^w4j-uJI 3s: 





mg 




Observer in 
inertial frame 


4 .4 1 _l 3 jji^_oll ‘(jr LoJlIc (<l) j 3 ~><J I tSj-Aliilt jjij^Jl (13.5) t ** T t 

. 4£ 3 a.< »l t {JJ3 ijyi (J^l *._(3-<-uV ^jL_uHj J- « -u n ii LaJU^. (b) . 4£L«a-i_uJt (jr* 


jUoj (jr 3 ji *1 <■ ^3j observer j~&\ JuJL 4< f «illj a <nl> (jt LlV j *jaH l±J^_j>u 131 

:4<4«.«fl ^Ic. ^^iii 1 ! 4 ^ In * j <ji3 ( 13.53 -JSLnJ! jJiulj 


(I) 


XFy = T - mg = ma y 


■ JsT ) jj-4 X B*:1^3 jjl (1) g’l ju »>i) elUjJ jll *>L>oVl (jr^! ^L^oVI jLlitj CcC 









i5LpUjdJlj ISLulS L dl f_ 


t^Ji aoUdl.o^ '->] m 8 Qj& 3*;l^_5ji oJU4> 4_i_^^q <2^. Cr^“' (j41 ^ I u^ lij ™<? ujj^ 

,4_JLjj fly o_^-i <41! jj iJjLtx! 

t fly — +2.00m/s 2 iii!oJ st i?L^kj1j 40.0 N 4^a mil (jL£ taj tJ^-41! ^_ j >n jj^ic. 

i^r* (1) Cy> u0-±0 


a,. 


T = nut + mi* — mv\ - — + ] 
\ g 

= (4 0.0N)|^i^ + 1 


( 2 ) 


. 9.80 m/s 2 

= 48.2 N 

(2) 1 Ldaju cfiJjJ i(iy — —2.00rn/s^ a i3jj 

T = mgf^ + l) = (40.0 N) ( -- Q -- m - S ^ ■ + 
l x ) \ 9.80 m/s 2 

= 31.8 N 

4_Jj^_i *.Lut JucuaU ‘a *-LljI (JJJ J^Lj Jl «o^»/o 4jj^j L> 1 •*>■■* ** <-djl j-C3 JU£. 

. l_L a ^LLxjlU cjL a1 ^j-4 juu-a_U o L>oI ^j£L<uV <Gi Jaa^V *-iU3 3 ^^Lc. )^jLcu^j 

• a v = -g ui&S 4^4! Jui-uixli i ]s\£i t .ii 1 15] 

ul1^_=kj I5]j . 03^ J^Lu 45v <t mfi ^jl jjy) *4a n4JLj>Jt eJJb j 3.-^dl ^Li_uJ o^l 3<. O' (2)(>o 

1 ^-pd (jut-uadl 4^ o mil ^.Lajjd ig ^jLmioj (JjL-uI *■*■* 

^^La- jL_a>Lii 4 i. m_il Lj ^_>. da^_3 lm ,jjLiu ^1^jL_x3 ^y^sr— 2i.!l^ II ^^L.i a > ^ ♦. t <~>II 

. Juu-oi.1 


85 JH4 | 

^>3 ^e-u5|j3 L <& 4JL^JI <L»^>a ^1 mla ^jLuaLL^C ^LjJuf} 1 ■<; (j\. am. y J JlC. j 

fjsi UL t ~J 3 I ^ pJl 1 Ju* Atwood machine 4 ii u^-pjJdl 1,1a ./»> 1 14.5a J^^JI | 

♦ t. il.l <a J >ull wLuuJ Ij 1 ^jLu_uJ 4^3- t i S .j^JI da J) < < 111 I ^ f I 

JUtll UL t 4 L<5 0^ >1 ill I JlA UDpJ { J^=>^yjl .U ^)15 15] i 

. ^ Jj^>Ji jujJI ^ 4«tl>.I jJi 3j_oi 1 (y Du y i 1 -‘Ac. s-pcj i 6.5 I 


1—4.. $'iA J£J ^pUd! .J) i U ij —^ .i a. y j <_5j^—*- 3 c-pcJ LlA 1 

i 

3^1 : ^ 1 (jr^- * 14.5b jJSLiUJi crp^ 3 Cy o <«•'»!! JllcJU j->di I »?r II 1^, la_ilo-ic3Jl 

" / 

♦ 4_u3Ladl 3^Sj jJa->Jl 4Jaui-ul^j 3jJ^Itl.lj {jj-lj T ; 


<® 





J-4^ l ^J. 3 t _ r jJ \j ijJjLiii! (?J-A ^JLo OijLju'^L I QjS 0JJLJ& 4j».jJ> (jyic ^jl Li-ltf. L- r L-=ZLJ 6 

Lx>-^ 14-.5& I ^*3 ♦ t J-i->Jl 3 \ ’.L.LkJ 1 ^LstJ* i —ai jU y-^4 *•—<-3^3 \S^ 3^ ^U^- 1 3^ <ia > LJ1 

£\)\ Iru.-O^l lj—La—iJ^ . 2 ^.-t a—>Jl ci-!y_55ilu 4_S^_au ^Icl { ^J ] ^-jLau. Ip 1 ^ < a ->J 1 (jJ^_J>U 4_1L>- ^-3 4jJ 
£-X_& ^-i r . CjIjLLMJ 3j_cLiji ojuk ^Jakij'j ^uju ^^i-«-u, u u^ <>■«5^LL^U 

<L-ga ->JL } ; 4_u^j —<jj t T — /72<}g ^ jr A l^_aua>Jl jLJj ! £3 3.1 1 4jLa_>wi V 4-3^o 

1 < i^r. j l. i. ul ^^LaaU ui t; Ja_>Jlj u^La^JLa ^^.,i.u>Jl ^ji CUj^j . T — u-& 2 ^a_i_uj>Ji ^L. 3 J 3 J 

(j! i ^1 £yu 4_3Lii_Ii jLyJ LsJu-C *. L3 .o 3 I <Jy>Ji (J-lLTu-^u i_3ya_u jIJ31. 1 

. ai i ^J] ^jl .m <J 2 ^ <-u >J 13 ^yC. 1 ^J j ^jLlU 1 ^_t_aa>iii eiJy^*3j ^jl l^shj }12'j'Z>l?t j 





u^_««ajv (a). ji 33 . ij 1 4JI 143 

u3^ 1 L 4 -^ 5 u M * ( ln 2> ,n 0 

(b) . *1-i-L-a 3^3 Lj ^ L c. 

4— 4 —laiJJL 3 —>- — >J jL 3t aJt 


^L. {Ja^SSJ I ^ cu.-^Jl ^L- ^yjyaoJ ^ylail Ji-U-Lj JU^.^ 

(1) 2Fy = F- m x g = m 2 a y 

Ot 2 ^ .,.^1! 4aa_u_Lllj ^JiiJlLj 

(2) 2F y = m 2 g- T =m 2 a y 

^jlc. (J i<itj (1 ) SJjUI UI (2 ) itaUi! isLcialjj 
-m, 2 + 


1 g + m 2 g = m 1 a + m 2 a 


(3) 


«,■ = 


m 2 

- m,' 

m, 

+ mj 


U^ (l) ajjUii u (3) (jc. 


(4) 


T = 


2 m 2 m i ^ 


\m l + m 2 j 

4 y n.t 11 Lgj| U^- (3) 5 JjL»-U U> ^_)LjuJ1 jjU jj-lmJu (lU 4 - 1 
4_Uin 4K11 UI ‘4i 4^-4^ L^- 3 

. (j^jLUl {_y& ^ U* 3-^ ‘ (IYI j +Wt 2 ) 

r=/Mjgj =0 (jU 4 Wj=m 2 jU 2 ^—<oJ li£. : 4 _^»L>. ljVL> 

^jSo m 2 »/«| c^_LL<; Ijlj .«a_a 3JL>J j-3_U 

.T ~ 2/ftjg j (4^kJI a y »g 

3jyjl 4j*2 . X Allj 4Jbt-*JI 4 4.2* -^‘3^ 

m 2 = 4.00 kg 3 - 2.00 kg 

7=26.1N, a = 3.27 m/s 2 :5UUVl 

7 V ♦ * * 



ISLjLSLd' ij/Vt 


jrwLoIU fjL^ui 9.5 JL1* 


‘033*^ 4JU_^ cL-JLs Oj^Xj j^-Lc j~< u C-j_? c-j c a^a >. 4j JjJtJ 111-) <Uj* ^^xJlSLxu HI j L$j)^ CxL-^J 

fjLt_oj 4^-3 .0 4_j^lji ^-L^u ^X*! ^La ^ t;r Lc ■—*-*SLU . 15.5a (JSwjJL 3 ^ b<c> 

. J^oJl ^ jJJi5 


4j La-^1 jL^xiJ ^SL) l—3 Q-lxi ( j~XJL 4j! L yZ>jj$ . $...‘Jlj 0^— 4 

jjjUJI jwLc* ij . 15.5c ^ 15.5b ^JSLcul ^s, ^* «.->J 


1 oi 


La > Ia •» ll 1 




.*!i 


jJJjJ^ ti —t^w^JLl i?L>o'^t ^JLc.1 (^j dL>«j^M jLxl^.1 ^.>5 »3^jl . y±£- 

( 1 ) IF X = 0 

(2) lf y = T - W ,,g = 


O' 3 


3 4->jJ 


m , u . — ///|i/ 


(2) 4 J 3 UII ^ .7 > Wjg ^ 3 ^ O* L> 3 j 3 “^ i>* l ^r^' cr^! ^ 3 ^^ ^ 2^-^ 

.*_Lxis v , ^3 tLiSj. <3 ^ ; 1^:11 c/ -s ^/y ^ 

J5L34JL 3 -^ 1 ^5 jJjLJU ^ ^3-^J L 1 (J^L> ^.Lc <—^.^JU •* j 3 -^>JU ,ji ^jtSLciJ <-.^-^1311 

l^Aa * + x <>L>ul ^^3 ^1 ^L>oVi LLkj * 15.5c 

: (jr i^. J ^J&*U ojy^ {jr ^> /p 3 ^ 

(3) 2^ x # =w?2gsi n 0 - T =m 2 a x = m 2 a 

(4) 2/y = n - m 2 g cos 0 = 0 

ij^-J ^j^Jfc .1 .3jk_>-lj 4 ..u£^-» ^jL^tU ,ji ^ Ji j (3) ajjUii ^ 

1 a(4) 3 (1) (jLlJ^LtU . U,jL^_ji ^Lcj)Lu^j oy *- A ** 



~| Ua La j la V ^ ^-^3 (b) * <■ l < «»,La ^^.Lc 


!_>• 3 ^—u^3 a •>• (a) 153 

^ i _ > _uLal JSU1 ^J)~<. >.,l 1 j J_>* ^Jo-Jc3c3 (c) . 0 jS^ y>- 



i I Q.wt<31 1 


ijr S r J 5^_).jij'i <?JL4> Li u JajiC. T J 4 i uu ilL (2) 4 JjL*J1 3-^- J 13-<i 3 13] L q_Lu . ^jLtuIlJi i ^yasx3 CjLp^Jjua 

J-ujiJt-j ci J 4 i^uilU L^tj ^3 (3) 4_hUi.l 
nug sin 0 - m { g 


(5) 


( 6 ) 


a = 


r = 


>«, + //?, 


JL>o (2) 4J.)L&JU ^3 0 4 A^xu 

m x nug {sin 0 + I ) 


a dixj L£ 1^1 i * x} j) tfi~) sin 0 ^ /?? j ^LS" 1^1 ■ 1^ a ~4 ^_u.L< 5^! i_.- *.<.11 3J —<*-*4 * -< a^JL I ^3 1—^.lj > lo 

3 - j Ul <£$" t ~**4^ i *- u - j -i 1 O ^^ -5 “ ‘ ti'i'j sin 0 ^L5T 1 3] . ^41-<-i-o^-3-£i 1 ^3J 1 ^L->o^ 1 ^3 

(5) <LLUdi y _3 ^ ;L^.:J 1 ^pL 1 v lo—. B^JLJ 4 .. i -«-u 11 Li 33—*-*4 yil_3 ^-aSL^U 4 _.^_^jJ L 

*_o 3^J 1 J^fcj i ^\LoiiJ 4 11 4 [.&. 1 \ ^ ic. 4^a 3 4..i g,o ylc £^J-U 4_j>oljJI B 3 J 2 JI 4j] ,yLi &J J- ' •■-^~ 

. 8.5 JIUI j-jlmJ 4ijLi^ T j c/ £p>LJ 0 — 90 o_:l5> 131 t !^_p4^ .^3Li yjliJi 

JS ^jLxu jl».jI i0 =45.0° 3 m 2 = 5.00 Kg $ iWj= 10.0 Kg 131 

^ILt-tii. 1 y.ir - .t y]j cpjtSLM ^jU. oj ^)l yJi 4 _JLi_aJ! 3jL-ciuVl exp-< # = -4.22 m/s~ *. 

. yJt B^Jl ^jLwij _3 J,U1 


FORCES OF FRICTION dJlS^vV!^ ^ 85 


l£]Ll4) *.111 3 -^- a ^ 3 ^ ila-i uj jl 7 r lr> a« (_ T lc 4JL>- ^,.3 1 —x>JuC 

3^3_B . ijJl£3l_>.V! 3j 3.; 4-ajUii! ^Juti 3i^ ( _y/3..i ujj . 4_! Jo j ^ljU ^ i n >J 1 3^-l-J3 tp-x i «u 4^UL4 

.CjL^jJI 4^->J 4jjj^u 3J ji ^.lUb LJ 4 t . 4_ua^jj| l_ul_pw (J7 3 l Jp- 4_cLt. 

lj>>- { j r ^jJa}\ 3 Jpj j- . i ^ i B^-oj $4jJi3w 4 .j p-L-C 3^ i-lij 3 _>o cJ^L^. 3-^ 

jj-o ^j_Ji 03 ^ ^yj! . i j 11 tt\ 4 J dJj^S u yJluJLj "break Free ’ 

3 _A 3juuaJua jylc. *— 3 Lli^ j juX. 1 .diJ3 Cj 13Li 435j^tJ JaJoJe-jJ yjJl 


-u (^yljQ-tJl 4 ^ ^v- js3j_jJ »_sL^Lll ^yi^- F 4_i_>-jLiv 4 _u3j 3I 3jptj LipJI 131-3.10.5a 3-<,rJ 1 yj3 (JjUw 2 

3 1 4^>. ^3j3 4^3^>J1 ^yQ c-jlr^Jl F 3-^bu ^_jJl 3^-3il . Ijlja. F J>^3 ^<J 131 L»£L_u pjlnSJl 

.f Vl B^3 y 4 1 4<~ J 

B^_3j r> j^4j clilSJL>-Vi 3j-3 ljr ^ujj a-jLhSJI ^jl cuj . f —fr pjl ~6\ 11 ^jl UUo^ 

(<i*3ft 3 , 5 —^ elsb^TuLi 1 ijfC. 5^. 3JI cJub t_jjl_^JlJl * f<j 4-u$pjLa— l^uV 1 

. 10.5a 3^*- a -*41 3 51X1 ^L*J1 3^4_uJl -y 3 I f 1 ■ ■ ■ l^ ^jlu ^cJ^_<_u^U ^yx>. > 4 m a 51-J1 

^^u^l^CJl OJl^cJ Loj-lc. L^-t3a * I > <— 33 -LJU i^jjjl ^^JL-oJl yjLc 4_q.il 13J 4 3. j lo i lo 1,4/Vl duLii 131) 





j-4^ j^Lj 3 -^ jCLu 3 jJiil cJJb ^jLb 33 ~ . id I ijylc. idl£L>.Vl ^JjUl^Loj wi-ut-y'i .^£3 

al oljjJI (>U JjLTuj 

e_iL£Jl < I<-i a^.^_ 3 f „ 4 _x^_i_£ 3 I 3 J 3 t16.5b j*C «"«U 3 - 3 ^ L*£ F jl j-o->Q LLo- 3 iijjj 

jJJ <_y3 Vi / u^l ij . 4_)L^j^i_) 3 q. all vJlJ^j o' 3^-4 -jV loJLaj . 4-j 1^.-4.' 

jl>. t ^ix. ,<u-u_>Jl (j^£L) Lojj_cj . ^jL.a~) 1 _>L"iSjl ijJLiJJjJ^ 4 F ^Ic. k_^_ l& Jll ] 4 _lsL^ 

^-jLiSin 3-*- F Juj3 .5.16c jJ^L«iJu 3^-^ $■& i tS 3 j ^ 2L ^ jf s 3.5^ j 

j-lbj|) J s p-j.^ 3-^ ci^ <-ill£JL>.V! S^Js ^c-i i^~) <l£j^>JI u-jl3£sJI iwUu 3' $ .3 v - / H!-b < ^- : r 

3j3-j 4 _*_jL<JU 3^3 4J3iw <_ j3£L] ! ^o_.u^j LajLk.3 .(16.5c JSLU1 

3^Sli < — S f) < n£> FC> J3 O-ilS 1 . 4lulj 4_c^ i,iu 3^u 1 4_^_>. < _ )L£J1 ijJ^-^Li F — fj^ CjjIS '%'f K 

4_$j>- L «-u. ru c__)Ll£Ji <—..luu 3j-3Jl X 3 aLaoVl { _ t £i /' — f4jy~u$ CJLlib 

<?1 _>oV! t _ 7 3 i—jLoSLll j)Lu-iJl 4 ^ -V fj^ 3 o_3 j3Jj >_3^_cu F 3^_3JI o-Ljjt 13] ^ *3° i -fll 

. (^£Lcuj <4_Lu>u l^-p»1j x J c-3 LJ1 


( _yic. _pjj ^-j-5^-c-»Jl S^JLII 30 4_^_uLlu a 3- 43 <J^ ‘■— J ^J^~ L ^3 4 ^ 1 X->u 1 aU r.j 

: 43Uj31 Cj 1 J_ALJuJ,I 4_JL3! 4 _j1aaJ1 3^ j ^33J1 


_^ol jjy *s j 16.5 ^ 


LT $ ^ Cu~>* l — (j\-i f dJiS^IrvV! 

CyL>-j . 1 * 3^J^JU 3j3i 1 i?L>ijVl 

iijj- 2 tO 3 H-*^-^ M-£ 31 

^ A 1 rjC 1 rt A 4 1 it A 3al_*3J |J, f C- ^ .1 n *~11 1 

ji j. .3 a (^) . j j5> Li 
jl j. 3_a mi <u3Lt3l oJl^Vt 3 

3j) 3:! j 1 jJ 3 3q j^lc. (b) . ojH ^i! 3j 3U 
v 1 3j3 jl J-3 /a 

«<« ~) 3^-31 4—$^ 4 — >3^11 iiljsKiZu 

30 43 ^-*Jt 3 -ff (c) 

1 .QiJx"< tii.ll 3j-aJl £A i-iJL53>-V! 

•f s,max > /r O 1 



(c) 






\ I^^41^11 (J^rUlTt 




4 _£j»j>JI <>L>ol ^u.Cc La. ^ i^> * j *_4 (]^uluxa^L-Tt, 4 (j-u 


->• (^I (2tv 6^1 -*-«-H uillSLt—3^Js ^L^ul (j^L> ♦ 
: ^j- 3JI oiv Lj (ji 4^1»< ai.ll 


/ s s /i s n (8.5) 

Coefficient of Static Fric- ^uLl^Vt iifL£L»Vl J*L»_« ^ 4 < ttJJ Cj i _L>. J 4_J ^j_o_l] C^J lj Ji.^. Ct-O 
Jl_>» 1 L^JLol 4 j ^1 .ml 4 8.5 4 J^mi (^2 4 j_jl jl "11 . 4 -O^ajlII 3 ^_ 3 Jl jl J. 3 a [jr Jt> Yl $ 110 FI 

<Lb Lpi l J^a-cr/ s max” Cajole. <GI ^ 4_£^_>Ji j_Lc 

. U^/2 Jaj 3 ^_3j j3^j La JuX. 


^-<^ij>Ji JjVj-ii ^L>ui ,^jiK c. i xl y ^^JLi 3^3jJtl 4 t<L.u\l£l\ uilSJL>-V! 3^5 <>L^ol <j^SL 1 

: 4_JLlI! 4^>LJL ^ t_iHSLL»-V1 3^ 4Jr. g-Tuj (_£jdl ^ Li «,<J 1 4-i_i_uJJL 
/ k ^ \i v n (9.5) 

* Coefficient of Kinetic Friction ^uLijLlI <jJl£i^VI J^L^ ^ \i^ da> 


. [X s lJ-4 JsI ^ J -4 *1 1 o^i <^ T Lu ti^H 4 « jjU ^^ic. ji. s J [Xj^ a_A 

. ^c-LLlI 2.5 Jjjl^JI (jj ju^ , 1.0 j0.03 (jru L^i 


.msa^ViiLSUbu* 

2*5 


Steel on Steel 

0.74 

0.57 

Aluminum on Steel 

0.61 

0.47 

Copper on Steel 

0.53 

0.36 

Rubber on Concrete 

1.0 

0.8 

Wood on Wood 

0 . 25 - 0.5 

0.2 

Glass in Glass 

0.94 

0.4 

Waxed Wood on Wet Snow 

0.14 

0.1 

Waxed Wood on Dry Snow 

- 

0.04 

Metal on Metal (Lubricated) 

0.15 

0.06 

Ice on Ice 

0.1 

0 . 03 -- 

Teflon on Teflon 

0.04 

0.04 

Synovial Joints in Humans 

0.01 

0.003 


CjVL>J! (J-3lju ^3 .4_j j^JLq jJjJl^JI ljuk (jjS ^-l3]I ^-u> 

1.0 4_g_c31 i cii l S Lo ^V! jJ^Lca jj! 


. Lit »Vl ^/\_) ^j-xi4^LjJl 4j^Lm.4 (jr^- Loj-3j JajjljV ( J^aL»_4 


<JL>s (J-4^J 4^-j. ^ UH ^-ul} j.*\2 1 ciJlio-VI <J-aL±^c j-j.iu 4_ul_^al ^£- 

. LlI^uIjJ IJlA 



t SLuL u Jjlj 


ibU 10.5 (>i4i 

oy-y® y- U;S .£-j>L^ls t-ll^xTu L$Llx-J J_iL>JLi ^ t-.. .- " t . n a iyy-f- ty-\s *- J-^yi 

i .^Ix. 4 _i_j_xi£Lc.J a l - j x! >a 0 ^2 jJ^j 4_>J^J > 1 (j! u Xc. ^p^-xxi ^UUi ^jjjLdJl (j-o_u . 5.1 Bti 

^ILuJi tiJ jk-^lIu jj^l C^_r>vj^ 4^>JjJJ ci^_3t_Iu t h .& i0-±-& _j P axJi 

k^u j 


— 4^21~* iz^a ^Jx. ^5^_> lx! oJlllii ^j^LaJi ^2 4_2^_xo^J,i ^ j-aJ 1 ^jl jS >jCu ^}1 ^)~ 0 

l^J jl JuLU tjr 2 LgJ 4 _j^Lx*x<s 4j^2_i ^lx 4->Jj>JU ^3^3 *4^>JjJU Ur^ 

^-Lc. i—$J >^3^ lt" 1 ^ Jjl. i "i r.Vl ^_2 jJvLjV t4_>Jj>_ti 4 _£j_5c- 5 iL-a.fl ^"1 g.> Lul O-Xv-J . (jr^ 

4 a ^aS?! , JaJiS ^-<-u_->Jl ^.Ix 4_2 Luo| ti-Lilc u_ xsz-i ^_u_>> 4£>^_>- (J/Loju jJxj . 

f^j^j 4 i ^ ->Jl 4^_3 j (jLjxax^JI 4 U 1 mI^j 4jJ^ 1U K 3^JaJI 4_>J^_I,1 ^H3"^ 

4_>JjJJ <jj^j*Cu 4 _l4Ji_>JI 3^_4_ll ^lc. 4xoLaVl 4^_aJi Jujp La jJx^ I 7.5b ^JSLtlkll JLoL>J!j 

, £-jL J-U-LJ ^jA-4-J-li 

fhors e ^jl—<-uu-j cJj-jjcJIj (^4_>J3JJj o^ Ltri > d l> ) ^LLill (J-*->ij £ 3 -^ 

4-j aLoVl —<aJ) {JT&3 (ji—»-^i_>Jl (jr^- J-^3^ {_ 7 uJi 4..*..3^Vl ^LuSixsJi t^r^- 4_Lxi-ul^ 

4 1 1 si -z^g . ^ 17.5c (j5L<^li^ 4_>J^J,I 4 \n . t *jlX eJil->Jl ^^jJl j ^pajVl 4 \n « »l^j ^horse 

. 4IL)Ij 4x^_ojj ^11^ill f £-A f ^Qj-^ e OJ-^ j . jjlx<^j>Jl ^jL_uj t_-t-Lxjo3 


4_Lxx_uI^j 3jJ^lU 4 _j_j3L>JI oy^3 ->J 1 j__Jl>JI 41*><«1 ^jJ^IlU 4j 2^—<4-*il 3^xil ^J-A 

SoJlili {£3^ ^33 ct^ (j l ( _ r l£- 


cJliil t j r A ^j_4JI oj U-Lu .^ ^ t ->Jl ^jjiiU ^,13^1 j^|3 dixxv. dJUj^ 

1 11 U_^ ^Uo^i is\~iA^ jIjlxJU ^jjjL-uTt..a L<j_^_jL> Third- Low Force P<iirs 


. {j\aCxzz~a (jy 







dJ L S 2L >»i 5>a JL l c 11.5 JI2U 

‘(jj3-^^ *— 41 3 ^J_i-j>- 4 to,< u l^j ^ 3 ql ^ < u cr^“ «j 2 l g“<l X 3j_^ HI j 4_Jr<-^ 1_4_*5 wA ^_]jUD ^ 

, ^ft-ft 3 $-& i-4^ £-a 6 4jjlj ^i jlo3 F Lfejl j 2 Ls 3^_3 j t_-<-» < Ci t l (jr ic. Ujjl 5.1 8 cl (JT S 

. (2ft « i.m -ftil £jL«j 3_<^23 2A^- * (jr^ A J1J (2ftJ ^ < _ 7 Sj->Jl j ^^wXj L L^J 1 illl^Tcx^l j^flljL-4 

18.5b (J^- J uJl ( Jr 3 (^ft -^ 3 3 -^ L*5 i 2 ft_c_i_ti^ciJ 4 l.<. ul!L> ^* «->J ^ 1 -a jln-^.3JI ji-ujZu I jl.u 

i9.5 4 j^mi <>»-}^ ^431 i 3 jj— u £3 (jr 3 2 ft> -ft! 2 )ftb 2 Jl (J^lLu ^3 . 18.5c j 

. 3l_LixIl 4j^)jLs £jL_ulJi (3ft-^*3 1 / i < Lc ) dJU 2 JlJuj \/ k = ,W^/7 

^^yic F sin 0 j F cos 8 3 ja ^11 _y ^ a ^L^ot <jr s (jl .3 F (J 7 JLl 3j2jil 3^2311 

(4w_lII 4.^ -s. 4_^^j>- (ji /ft 5 , t£3 2ft5ft-3 (jyjlili (j^_iLAil i__L_u^_3j! 

'uM J - 4 -^- 1 

v-tSJsl 4f^ (I) ^F x -F cos 8 -f k -T = m^a x = m^a 

(2) £F y - n + F sin 8 - m jg = mj <3 = 0 

3jiii 45 ^ JF V = m 2 a x~ ® 

(3) 2ft= T - m 2 g = m 2 a y = m 2 a 

^^Lj-u-xJ J 4.a^ft_a j L-oiSLU ^jL-u.J A* 4-L^ftli ^-Jjl—3.x> <?I^L_t_u_4 l.i jC^v^j 2 ) 5 ^—ua3x>a 2 ft_A_< uftl (jl o _^ 3 

4^1 n = Wjg - F sin ,jl (2) 4 iol_»II c^jfk- t^k' 1 4 4^ 9.5 ajjl_»JL! -SftJI 

iiiljdj s(wj jg « <JUJI «1» ^ 

(4) f k - M-^Wjg - Fsin 0 ) 

(3) /ft 3 T 4 (4) 2 ft 3 0 w3u^-*3Ji-j^ > FJ 4 j_>-^ ll y 4_i^j_^ t, , i < >,j ^^^1333 LiUS3bs>.Vi 3^2$ 2 )i ^3 j> 

Ct^ 1 lC 3 ^ 1 (1) ft 

F cos 6 -|^(« 2 |g —F sin 0 ) - m 2 (a+g) = «z | a 

jjlc (Jjuartj (3 J 4-imijL SJjLiJ,! fttJJ 

F(cos 0 + Fk s ‘ n ^) " g ( m 2 + Fk m i) 


(5) 


m, + m 9 




ISLjlSLdl 



i SUMMARY 


ijr 3 4 <t lV< a 1.1 <£y>A\ ji C.t-i~v- yz 4_ll!L>- (Jicui ‘(jA^ iA 3 (J.5^ M 

4_i_>-^L>- 3^3 4 tlfi yy ^cJLo ti~ t it tz <■ l^i 

4 jl C. 3^3J_U 3j_3JI 4 1 l<t\ rr a ?~a Lj_5j-L> ^ «u y ^jl i«3 c^liL t^lf. ys j) ji I ^LYH n 

^3 4 31 ~ *C U j _u 3 ^al ,<.a3 ^i_i-u_>. (jA ^ 1 4^3j_U 3^_3it 4 L^> >• 4 ^JL»xu . 4_ 3l~i £ £_*a 

. 2 F=ma : <tcjL_u3 

: j^>JI lLsj) 3 * till £jU_uj^ ^4_j_*_uLl9 4_a^ 4 ,< 1 & <— \ys~& J-i-oLv ^^U.u.) iu-'n. 1c. 3^3^11 4 oj3L>J1 0^3 

♦ ^ t cr^“ 4_u3L>Jl ^ i < ! •» - (jjj * fg = ^8 

^Ic. 1 43 jlI^YU 3j_ 3J1 (j_^S3i uAj < u 4 <1 <.<<■>. ^3L3 13] ui cuJlJiii Q 5 -JL 3 JI y ^ ^ 

(j, i »-4. i 1 ^. ^ ->J1 «<«>JI 4Fi < 3 jJ^JLll 3 ^3U ^LxjVI ( _ 7 3 3^l.i3ra^ jljuill 4jjLi_u_a 2 ^ < »^> J1 

^3 4J^j_3LU 3j_3Jl J^v-jpV LiUjJ , <?L>u^JI ^^3 4j _il—UO-4J jl Jl_3II ^^3 4J jLulj ^Ja-9 U) J -*- 5 ^! 

, 4 ♦ i i L*> 1 1 


normal 4j^^_*Ji f s max 3^_3Ji ^ u<^1333 ^In <»j ^ 3 fi_> ^^^uliL-oVl dJlS3L>.^U ^ ^ 3^_3JI 

/r ^ ^SL i j l 3Luu V1 <jJi !\3r >-Vl ^J^sLu^j y& t -" i i %,t /^ — jUy /2 ^^-^-jl I I ^JLcj . ^<u >21 (_ 7 ^” 4^3^-il Force 

(jj.i\c. f^ 4 yCyiLu^f 1 ciJl33L r wV1 3J_3 ^L>o] ^ F> » ^Ir p < />->. ^JjJj . 4 _j 4^_4_*JI 3^-3Jl jl J>3_>3 

fj^—fXj^l 4.3^L»JIj ^Inxj 3^ 31! cJJt jl J> 3 aj . ! 3j) 3!! j!, i 3 a c_^uLu3j (j'Jj-)}!] 4_£j^w ^l_>oj 

♦ uill5^3>.^l jJ-dLx>3 c^->- 

ijr lsuij .^1_13ljJI 3j3jJ,l (J^jJijl dJjJ-j (jl L_^tJ jj33-*3J ^ilill ^jjjLaJI i _ r 3 ^-^-<4 (^7^ 

4 <ik iVl IjJlC. 19.5 (Jv Mill ^o3d^j *y>- ~^i < n ^ 1 laalaic-aJl ^-UJ-a3 Lr^ 1 UJ^ 








1—4 jl L^jlfl (J-4-C. ,^-jlo," HI 1 1 J_I^V 4- jgJaJ V 1 i _y^'>- ^ i—i-^-J . j->JI — ^j-iOeJU In _l •> "til L^-4- t.n j 

. JjL-uII ^ b > I^jLIj 



rough horizontal surface 



A block pulled up a rough incline 



Two blocks in contact, pushed to the Sole: P = -P' because they are an action-reaction pair 

right on a fric(ionics* surface 




Two masses connected by a light cord. The 
surface is rough, and the pulley is frictiouless. 



.(^T^«i_Ji L$_s —fi ui?J (jj l^i .1^ V" * 1 (j L u u \ j 4 n u rx a 4. a t- t. i 1 (19.5) 





4x j)Lj 4L>LL JjLu J^_3j —8 

(a).d 4iLui>3 J^vLL <-c^AJL L3LJ (J-al^Lj! 

\ gs 'ja x ( is?,. J JL_3jLj 4_LvLjJ 1 Q-la->- t jl 
l ^ x L.3 lxu 1 43 Lt-u.ll (jyJb La3 a jjuLaJi 

^3 ^Lalj—<31 ^»lj— zzSi —t_ul jJx L^L-JL 

1 3i^aj <Lo-LLuJl 4x.^_ui C~uL Ijj^ (b) S< rtrt> 
l3^3^ LbLuuj U5^ 4X^_guJl 

SjJ.ol^iiJl ^ 1 jL/lixfl JLX 4_I_>-L!gJl 

JI 3 cLLI ^UJi Lu^ju 4_]^Lx_4 —9 

Cr^ < “~ 1 '* J*LJt •>.J5 (J* 

CJuL ljl_£ .4>l_>oVl i _ ;r B ^LLa_3_4^ jl J_3ll 

1_<LL dlli^ Op-* *4J1_>JI *>J3b 

S^j_u_>J 1 ^L 4_La_2e_a 3^3 

—a ^-B3 (a) CyjUL I.IJ Cjr jJl 3_^_3JI Ljr & La —10 
(c) —<-Ll (b) . Lj—^—33 3^_3LL 

S At 1 <L1> I 4fi^_>. 

i 7_j3_ t-u ^J.j- a \ ^3^ jJ_uo ^_3Ju Cu .6 Ijl “11 

^>£3j . 4_£^_>JI Lx. x 3 5 <y°s JLu dl jlr. 

(jt tx3 «« t t4_5>j—>31 (JT ^ J^JlLuLI Ijl_j q] 

JU< L <3 "< cr 3 Z>y .x..t _ u2> 3j_2 

S 1 jU, . <£&yzc-l 


a .■>■ JLL3( LbIj <—LLi 

L^-Li ^1 Jl—33^1 Ja—i^JuIl —uL—3JI 

<?JlA tLijt qJ—31 3 J—3J CjJL?s_j IjLa . Ja tu \y 
435Lu c.t .l^j 3^_3Jl ^v° 4 j1 S4_SJ__>J1 

j. j .333 < j^L Lru .^Jxl ^Jt (. tji/->rt!l c_9J3 
? {j^\ 3>. 


^J] 3L^t_9 c _^u_u^jjI (jJ^_>t_} JL. 

jjj—3 sljJl { y^>\ 3t jJL 5 

SdUj Lxtj liUL .Lr^db>Jl 


iSL u LuJjlj l^utSLjlhjyVt^J^&lO 


QUESTIONS rbl 

7.5 JS5.4 ^ j_*_ j^iit (jr 3 Jj_>-_ji,l (_yai=_JuJI -1 

Sclj—S y-a$) T 2X—«Jt OJ3 ui - 1 —^3 

1—4il {y~a 3^1j—dJi oJUby 

4.3Li. 'X—^ <>jjk (j3-^3 UiLL. 4_1 IoL>. 

J<), >3—^ 1 (yC. 

S Juu-saJ,! J^i 

^^3.11 jjj>~ (a) t?wi-u 3 j£ im llLcu ..a 1 —2 

-Ji J^P 

eyJa}\ La t~<L3 «» 1 jl (b) . L^la 

2) 3 yB JJ->- . L^L^-iiJui C-Lul L^-tic 
4 a^l 3~a ^ ,3J1—>J1 ^JX (J * .. .*aJl 

43jL 4xj>-..u-> 1 _>jy-iJl 4_^_>- 3 jL-4-u lL^>j 1 jl —3 

^3 j_j (jt 3J1 4,L^>—>3.1 3j^3il La 1 30m/s 

La. ^L 4. ^ LLLa 3 j_£ cLL3__£-u1 |4 I 

$3jLll jljjjl c »t<u*> (jj31 3^3Jt 

0* ^41 ->• 3jL_*J 1 ^JLA ijr 3 LLxLJI j_4> La — 5 
c_j S ^ a3 4 _j 1 tL 4 J$Lo 3jL u - J 1 
S 3jLl*JI t? Jul> 

^jj_i_u (_ t L 3j)l j i u _5lLLI 1 “6 

t , ^.T | -ji <. f 1 3r- 1 jli . 4_3Lx 4_C.^ .-.g-i 

Lj) 1 C-L> 1 jl J^olj^_aJl LiIaJI 

1 jl3 ^ a^ S3j. ,j i^-n-4 4_jl m a 

oM_jt_jtil c. 3.1 ^ L Jol_L>J1 dL.k Sr 4- ^ 

S4-La^-3J1 ^LjI 

_4 JL_*—u£i_a * )j) ciil —uuJ ^cJ til -7 

J-33 jl Ljj LLjU ^_*_3tj Lj) 1 u °i (j^JL 

^ tu 4 .^jLl 31 ^Lol (jyL x L uft j LJjj Lj^ 

?t_i_^:_u3 Jifcj . JJ t <»11 \jJ£> 

S^>Jl L>j) 3 < <i 11 4 £j^> ^1 juljI 4.1 L> c§>> 






Cm) 


■ j-ijJ.1 ,J& ^tu J^>1£ J->Jt = |_; t_£JL>u *4 N.i tij~La lOj-uj\^la ^J-il i it a — 3 t 2 tl 

http:// wwvv. sanunderscollege. com/ physics/ -.^Js Ja>JI = WEB 
4_itf.La3 ebj-jls - [i^j] JjLuII (_b>- Ju^a ^35/1 <-jj-uL>JI = ^J[ 

j^a^-ll ^al j2 r"i ( „ L /4 _i ciA j ” I 


4c 


j-LM 


4_!^ 9.1 


Jai- >-d 
7.00x10 5 


lx I O ' 31 kg its 4 J 

3.00x10 5 m/s 4 _blj^l 


^ i t«-"> <1 


4,~t f. 




jlbI .5.00 cm 4 -^L 


jl Jj 3 a 


J>L_L m/s 

L jlc- 2 >$-a}\ {J\£. (&) I LLiLj 4_CjLttU 

£-a —oJI aJJt> {jjl—£5 (b) j 03J —-<-^4^1 
. La LLLo-a t VI 

4jjj (cl)(^Ul . 1 20 lb —tli OJ-S ~7 

. ^ j L^x 1 L> 4- U^ (b)^ 

(<£ .^jVl cr lc. 900N (jjj (jl—S ( 1 st —8 

QJ$J) L 'MV tjj. ' . t all (_jdc U3^ 

S 25.9m/s~ 4 hr. 4_uiL>JI ^^Lclu 

• 5.00kg 4l~L£ ^.Ir Ft 3 F| jjjj 


: F 2 =15.0N 3 Fj=30.0N cs9L_^ 1st 
JS-dJl ^ tjrya 5 -L^jJ.I (b) j(a) ««~1 1 

• P9.5 


.90.0° 



0) 

P9.5JSL2JI 

jl_ ^ _Jt S_^_3. 10.ON t_£j —3 c^N-d cjjji —10 

4 4 ^ 15.0N J 4 4 *. 20.0N 3 

# 

L;r ir: —A ^ ui Cr^ ^—*— A 

^jLcuJ ,4.00kg 4 ti-t^ 4_ul^A oJ^juzlIa 

. 1 


6.51.5 ^4 

dl^rail—jJ ni j 4..U~< X ^_cu_>. (jy lr. F ^3^3 — 1 

^.ui-u Ltjii ljl_3.3.00 m/s 2 ^Lcu.*u 

^jLt-u.^,) m 2 ^ ^-^>-1 ^,mi>. 

5 ; ... :t l 4_«_.da _a L« (a). 1.00 m/s 2 

j_s-jl m 2 3 m j oj_>dl Ijj (b) Sm|/w 2 

, F jm3L3 Cl>u 1 o^r.jLcuj 


. 2.00 kg 4 _oL£ ^ t ii ^ 10.0 N —2 

4jj^ (b) $ ^)l_«-u-J (ti) ^^4 

CaAx. 1 till I jl 4-^iji ui'i (c) J ^^ 4 ] I 

SjjUl 

_t_aJj 3.00 Kg 1 g~X_<i-4^ 4-1-1^ t-ilj_.^t_~tJ [31 

_SJI j_ 3 . 3 ! .a = (2.00i+ 5.00j) m/s 2 

. t Ajl. i ^t JF 4b^->JLl 

0.45359237 kg 4J 033 j-^ -4 

,ic one pound ^LJl 

# 

32.1740 LjLtui^s 4^ujL>JI ^-jl <ni 4_i_j 
. SI ol jltv. 4 _ui£^ jjaLJI ,'yc. v-ui. ft/s^ 

^ ** ^ ^ * Wi lt 

3.00i m/s 4ii 4 ] 4.00 kg 4il 15 | 

4 'hc.j-i-u JUjp ^jLu JL»_i^ La 4 b> ~>J ^Ch 

(8.00i+10.0j)m/s J^:3 

4 jK jl 1_lu (jL£ >J I (jI lP 3 >-^-^I 

(b)j _aJt dll_i__a (s) J_>-jl . 4 \ >Li 





ISLyLIj Jjlj iSLulSLtt * JjVl *^^Jl) 




P14.5 JSLiJi 


x_3 <JL 


lt^ jg O ^ 

jj_ <Lj l JS 3^.. .j.j 200 kg 4 _ Ain _ S >_ <_S 




ii.Uri-^1 



^_xi^2_j A - i_x3 I jjl —S’ i^l—B . 4 

1.52 m/s 2 ^jl, t ..~j i_44l oJ 
a— 2JI jl—S 1 _i!j) »ji 

^jLl-o-u iSjl\ L*3j-zcZa jjjl isi ~ia j4_4>L_>ol 

5j_SJI ^Ls -3 . jl ,u jll 3_^> 0.518 m/s 2 
S LySyU —Cu 43o_j_uly SyjJJtl 

.((ySyU (jy^£L jywl 4jl 


(jJ J. i I yv —“16 

0 =1 5.0 4j^lj_) (_j-yu a jJ>i> 


j^S^uJI j>3 ^u-u_>JI Ijlj 131 (P16.5JSrJl) 
(2.00m £_3_3y ^ jJl _ (-oil 4 . ^ b j_Lc 

4S.-c.y(-u (b) ^ y o jl ii^\ ! 1 ^jLuj ^ 3 ) j^j! 


. JjU. 1 ^j iLi-ul l 2uL$j ^Jl L 2 jJx. 



1 -1 n a 3.00 kg 4 1 , 1 * ( S ^ n i > LiJ^_^_u 11 

A'—5t“— 1 jrG-B^'bJb jl jt-i «j Vj X j-U-iSy^-i 

a jLLoVLj v j a 1_3j o-i i y = 3t~ + 2 « 

^21 4i 1^1 > 2.1 ^yjJI 4_c_i_3 JL>-_^I . ylyJLi t 

./= 2.00 s jlLc. I JuA yy 

^j-a 325N jy L - 4 - t - <a —<-“52 j^ 3^—12 
. P I 2.5 JS-jJb yi> Lj-S 2oy>- o*M3 

& j—60.0 (y- 2 ujlj jl_*— ) i/i i (j\ — b>j y 

Ijla jl_S 131 —b . lt 3—bVi j-a 0 ? =25.O 3 

To ^ 1 j J- 2 J 1 Jljv .^1 i jlyl 4 JLv ^1 h ill 

. t-LayiSsJ I 



P12.5 JSaSJi 

jij —>. (jjj ^ 1 —^ iji pi 2.5 ,y 

i Jjllij—= kJI lj!—F g o .I & — 

j»lkl!l ijlSj .y-aVI £-e 9 2 J @ 1 LT^il) 
^ ... 1 V1 . F> i 11 1 11 *~ < 1 1 1 t Lj^—li —o 


13 


7, = /‘g cos d 2 l sin (6 j + 0 2 ) 

^ P14.5 JSL 2 JI y 4^=^! JUliiVl -14 
cA^>ll ^3 Lb ^3^ (jrS 

4 ■<; h ) *21 ( j r B 4 jU lyB ( _ ;r _4> Lo tyjyuJL 
Joy. ...i . kJlJ ySLjJl (jjj <3^^^ ) H 

.(yiLol JjUI ^y^ull jl b 


<S) 


P 16.5 JSilt 



i Ju'jJ3 i JinrttI 


v Jj Juju j . 4_£J_>J! lj-_u 75,ON 
60.0NLkjljJL4 4_t 2 ai BjJii i4iJ_>Ji 

. 4_JuIj <L-£. j-julJ L^ZSj^j 4_L£Jll < ]r> a "t 

j 1" »»VI 4 J—>.j)l 

. CjLojJjlII cJJb (^a 4-iLjLufTJ! 3 

^JLc 50.0 mi/h 4_^3jl_^ -20 

J^aL* a LL_3 (a) . ^B al lm 

(jt 3 3jLa_ouJ I (Jj^r-C. ^ ^_J dlltL^VI 

4-31 Ml..4 JTfit La * 0. 100 jV-\4A A^J 
Lo (b) . L& jLc i—B_B3 (j I 3jl.j-i u-U <j£Lj 

«■ 43j jjl BjLt—i-uli (jr^ll 4,31 iii 1,1 

5 u =0.600a <—isL- [Bjj-Liil 131 L^J^L*. 

s * WEB 

^yi 4_£j-j>JI 3.00kg Lijij— 4 J h .iT I .x_u 121 j 
30.0 4 jj1j-> JjL [Ss~ j ^i - 4 4-^s O ^ 1 O j)^' *3 1 
JjUI ^ ^ .l.cu . 1 1 JB ml 2.00m 4 JsL. u.a 
*aJLh^LI 1 — uu jl ,3 a (a) . 1.50s ^3 

Ml cth 1 ^^*^1 J-*L_* (b) 

BjJiJJLI <_dlSJL->.VI ^ 

J *j 4-LSJII 4. _t_u (d) —cu-llj 4 JlL£JI 

.2.00ni4^L^ 


^jS> l .a £ 3j—J aJla (jykc: 4-Lua ~i .>o Jj_£ Cj>^j —22 

i 5 tj 4j 2.i ">> Bj_. P22.5 J5T.ji.JL 

oj.3 *0.350 ^-ui.i-iCJI llJLJj —>~\ J_aI—*—« 
j 1.00kg ,4.00kg _HI J^Jl 

fi-mj ^ a-lo .^jl—3—ciiLai -jlj^SLJlj 2.00kg 

^-C. (a). 4-llL^ JS3 j- —>• —^cu»-w—>J ^ ylautLa. B eui 

jwLJI ^/uc. (b). 4.17^ JfT ^jLmj .?L>olj jl jJL 



1.00 kg 


* 

2^SP g 


(«?) 


P17.5JSL£JI ^ oryJLI j»Ua_<JI ^ d3 
.8.00kg 4Li 5T i^lc. F x 4 j B 4i B^—s p 

Bj) Bl t 4 4jV (a) .jj-uLal ^ B. 4 VI ^ L mil 

(b) ^1 2.00kg 4HU1 F v 

J_i—>J I ^3 j>.LuJ I FJ. 3BJU (<ui— 3 L ^ 

' 4 _s^L_*lJI ^»«-ujl (c) S J_j—uo ^ J .. 1 . 11.1 

Jl ^Uc.1 , FJ j_4 8.00 kg 4_hS3i ^jLuj 

+ lOON^I- 100N ^F x 



P17.5 JSLiJi 

4 J B 41 B J i^i'iA uA^~ 4_c J—ft? | 4 ll 5 —18 

BjLJj ?^?2 4— L5L <ji?.L,» l. . i.». 1 ^ 

P4ZL2Lq 4 ->> Bj^Tjj P | I Jl>w 4,d_t3>- 

I (jl^ LLb (a).P18.5 JSLiJL 

^.L. /??2 3 cJ^b^TJI ^jLi^j i -4-A 3 

(2A- 1 4—2^1-*JI (^Jb 1- a —jJI 

cL_Ldl {JJ 3, jlLJI (b) {jc. j-ic. S ^y\_c.jLuBJI 

^LijLxlIII (c)j . g j m 2 j ,ft?j4JVaj 
. g ^ ft?2‘^j 4j^J^> « 2 



1 


Force of Friction k£lt£l>Vj^25.8 ^jmmU 

(jr k. ^j^LaJI aJLv. t _ ;r ^ 25.0 kg L-g-Jj 4iii^ —19 

L&j 1 jLLa 4_i_B_s I B^_BI ^L_^c_j . ^ B 4 1 m 


P5.22 JShiJl 



(<UjljJfctt tSLy»L'u>Altj Kj'lK itl tJaVlf J^tl) - 


ANSWERS I’O QUICK QUIZZES OljluiJSi j 


• i— {y* 




Ai\^ 


_3 a i r 


4_ooaJi_) 4-iCj-ja. u\£- t^ j „jl I 

ca1.~v <— SyX\ £_SJu_) ^3 _luj 

Cj —i-u-J —<JJ < t-i t-u-i dJUjJ^ 

3jj ol 1 3 ^_3i \ L-tu—i-u-~a Jo 333-^ 3 - 1 r ‘_ ^qJ 1 

dJ^——OJI I Jui> ^J—£ 4ln-Ljj 1 yj 
t-fJU jJ 4_^t_ddfij . l jj-C. 1 Jl_i_*_) 1 

|U“| ^ 


oj. i t S 3 j_oj jo <ji 
3^0 4 j lr.^ . 4 £jk_t>o e-£jJtl 

os &±3 J»-3 4j 

^1 (J-uo—xJ y j. c. 4 —cjl—wJ 

j)L£ 13J 4_1L>- ^£3 . *Utt Jo.3 xjuJ dJUjJj 

j —.j— c. < — Sjl\ .t. i/^Jt — :>u j st oJl 

3^JJ I Lco^-S y lx. i^i c_ J*s yJt> Jo^j^JI 

^■LocJj 4 _j_sL£ ‘—JfLU ^\c i j r a 

0^ dUjj ^Jj (Jj— juojJI (jr^ 

. O y < * < ^ <Glj£ i_JSJI 

. oy —^iJl _3 a (_y tia 1 * 1 4 A^yl ^ yj 1 "t s (a) 

0 Oj— l1i ~> J 1 ^j-A j3LjJ {j\ 
l/u^l iddx Ay ji Jl_ 3J1 «*JLa 0^3 ^ * 

3^)0u_>J 1 ^| C< 1 ~>- . 3j> i.» >J j (t)) .i>L>oVl ^jy3 

{ j r u-uyjy y $\ 4_ll^ ^yj$ 1 Jl>- y jl& > Jsi 4_lH^ L^J 

— u2> ^jl-i_u3 j_uL3 Cjj>o t >.. A 

4 o V <iaJl 4 L~X.U 1 _>a! . 1 _L_>- 

. 4l&yj>- (jr ^i jK-jJtJ ^ I <_S3 i,n 4 


(4.5) j/VI Uj-o-^eu .^_pc_x^5 (a) (1.5) 

-A i » >J1 y Xj ~i tti > t 3 y£> J'LLohj'^ <£y^S\ 

oyJS v )La_c 4_Iulo 4_il^—uoj 4 "x 5^_>- 

^^1 t_xJ I ^_<_u >J 1 _U3 (b) .4__^-jLi^ 

I jl ^3 —2 a__ck. jjjj (jl (>£-«-> 

l^_£Luo ^^ ^ 11 lIIIj CjL^ocJLcj 

^cu-u->J 1 4JLuoot_aQ oyJb lJLLA 

4 1 ls \ , .t ja ^ 3 -^ O' O^ 4 ^^ 0^3 * ^^ 

4 l^-^jj 4 (3^3 4_^^_JV *$y 

4-a^3 c AdJ Jlc. 1 Lu_ulj t_sO-aj 

^0 4__u4)Lu__c 3^_t j.s^.3 4_LL«j Oyj^al La^I—cu-4 

l .il c. j3^3 CLcS 1 jjfL^ty y t ts\ 11 

V = O^ys ^Ir y diJ JJ^ . 4_ujL>J 1 oyk> 

3joJJI 41 ts\. >J>1 oy a 11 t4_<j_3Jl jJlC. 

. \y^U^y 

(5.5) 4-(^j-t-u (ja Uj_>» 4 _^_j>J 1 i>L_>ol ^ (2.5) 

^yji-lly Jl _>o! Oy 311 JiJL_>ul^ 1 

. 4x.^a_aj 1 

Z>yJ* . 4 aOLoJl 3^Js (b) 4 jjJ 1_>J1 3^ 4 (a) (3.5) 

4 t ~vji_3J i 3j) 311 ^4. jJ-3—i_u^ 4—-u jl—>Jl 

Jo l 3.) {J ^> 3j^Jl l^~ 3^3* (_jOJI 3 1 

. 1 ^3 1 1 ‘ i ^ 






Jlj—£•( uh a all 

Circular Motion and Other Applications 
of Newton’s Laws 




Cy ' 


^1(120 mi/h) 50 m/s 

^5^1 jLJl l^jl 


4—cj— uj I jLl 

-LiC. & i t u .1 ^ 

[ 4 X 4-1 Loa Cjj_Jj!jLJ I 


Cri! f*—* 


fj lij 5 


i_>1 <^7> La LJLL aL^JJ! 

3^—<aJ 1 iJT Jt 1-<3 

Cy Lr U_>- 1 ^ jl C. J 

rs 11 C-J-t-u 




(J 011 I jjh *L3 


ClD 


(<£>^5^0 

(Optional) Motion in the Presence of 
Resistive Forces 

j4xu_3t)l LSLyjLij JLt <Lj.aL_aJI Aj>»L- 4-dI 5.6 

(Optional) Numerical Modeling in 
Particle Dynamics 


4 4 15 i *i 1.1 Jdl 

Newton’s Second Law Applied to 
Uniform Circular Motion 


Nonumiform Circular Motion 

(t£jLco»l) i4^_Lai 5.6 

(Optional) Motion in Accelerated Frames 







I ISLcaUjJJtj ISLulSLlI:JjVt c i) 9 . b^-usli 


4k^_>JI ^J-q-t T aj L yl\ CjVL>J 1 (_k“ L#j 1 a l. ikj^ j_u Lusks J^jLkl ^i<n..al\ ^9 

nivj {j-* k > <JLiU (Jj-« ‘» ♦ *^-uJl (^aju 3j 3 t a 4_£>_>. (jVl^ 4 kkJ 1 


•. la. j . 1 1 ^ ^jLcuJLo ^L jU-g t jLkj L ^- lj - T tL-c-g J ^Jb 4_^^jxJl ^oBl-iJ-t-g kJjk jLouJ j—Ut-i±J 

(julaJs ol a..i_tk~t SjLlisJU cdka^l ^j_/a 4_c y£t ^J_u^s_<±]i ijLA i_<k.l .^jj 

. 4 3 >JL 1 1. kll \y 5 £_k ^ 


iA^IalLUl <Lj^AtJllt i (jyic ojlgJt (jgJ aJ u c j.L.tk\J \ 1.6 

NEWTON’S SECOND LAW APPLIED TO UNIFORM CIRCULAR MOTION 


r ^^-La.o 


j l . f n <3 X) 4.<vU~li/Q 4-^1 yj. XI-J ^_(_ajv LaJLlA 4_jl U}JL>.J 4.4 

0jIjl5l« a r £jl^u3 4jl3 


V 


a,. = 


'^j-a 4 _l^.Li 1 4 r ~ a o>^j Centripetal acceleration ^jl....,.:JL ^jl ,.,~.ll Iaa u « ..n 

*V ~ 

tl) ^■jLlo T l. LI 4_k>-' fl tiiLui) (jlk "U ^k- 4 j J^o. c. Lkk 3j. ol - ^ silk (j^k- . S^jIjJI 

4b Ij 4_c^_cuj jjJuj r 4JjJk < k_i">- ^k 4_Sko 772 1 ^ "t l~k S^S" ^ 3j> j *" 4 i-g ^ i <u>JI 4_ej_i_u ^jk 

liU . (.. ji-Libo dJl£k>.t CjI j dJUbbs 3k i ^ • 1.6 ^JkbJLt ^jbyi L<i^ ^91 jLaga 

^ j ^? "< < n a k_b LiJj. .^r T> Sjkil 4 JjL^_a<5j ^IjJI Lljj 3 itt tat 3jkll dlj-^SCi 

{j^-3 jL-uaQ ijr 3 L^Lt ~>U d^SLIl ^_ulkL) udJk <3 ku>. < lnj>Jl 

ij\ ^ *6 JSkJLj jj& 1 <i £ ikk- j! jbi a\ 3^ii! £>jjt ^L>ui 



^-5 eiJ^— a- " i i 3^SL! O- 45 ^>k ia 1.6 3*^*^ 

Pj. 5 j | a! 1 . 3 I ^1 -t.M gfl 

4£j_j>. (^k 1 ksLao Bj-jlkl kn® 

jL-ugs ^5 5^^Ji 


ikuaj dLjaoi ^_k jk^_u LbojLitILiA/i Ijl 

<—< i ml (J7 ^[^> k<^k O* k till 

:4_kl_*J.I ( j^a I^jI t«i-v <lk-<u 

2 


2^V = 


= m— ( 1 . 6 ) 


ma„ 


4jLAAijJ.1 

t>L>ol ^k (,5^J-4-*JI ^jLe-abil t_ < r < «1 k^l 3^-oJi 
4__^t_IL>s o 1 —xi 1 ^k y 7 * 1 t—< i < uj^ ik<H 1 *k 1 ^ 1 —eu.l 1 

a- ~ tV ^-u—>J 1 ^)1_B tBj^oJt i? JU5> cx kl . 4x.^_uu J l 

jl_iu—a ^k ‘bJ^-jabu 4_jl_B kUli £j-a j^kk ^L-uo- 4 ^k 

* 

3jkkJl t?J lA .^klkJ 1 <nL&gO 3,J,J XI .a k_>> Jk 3 (jr-k. 

4j 1 /jk ka Lr ifcjjJa 3jk! 2.6 JkbaJi ^_k 

3jkJ 1 ciij_a- T> k<s 4k .aJ ^_k ; k, j ->J 1 ^Azuu I k| . tk j ^ 

if " 

* ..kfy 4 k 3 : wile 3j_j!wiil l_ «-uLc_ 4 ^_t, 3 .1 ««.jo jl <«. ^_k 

. <_k .i.^tl 


(m) 






C3) 


O* 



■ SjJiljJJ xjL»ui ^^3 



iS - < -* s - j Q J < <f ^>-^=—^ u^ ^ {V 2 jJ-^ 

(_£3_ft. <if. ^jl— X oTi <j^3 ^jLwiJ L*J 

'j£ju ^ 



1 —3 j_flj -3 <_ll-*J| ^ *> >Ljj 

i_o*^_>. 3i-i \ iJ7 ^ 


ijr ^> 4 L.xilixi.llj jip ^^,-iil 311 . 1996 

4_>^_jt jJ I 4__^j_>Ji l<..i_u‘i 3^—331 

4-B^_LiXI (JJ^_jj Ua J U£. JeaJLs 

^.j. 7) ~t t *t a 1 La-%. UlIj., -*■ ~i 1 i u 1_^_)1_3 
.^IjJJ Lt-«Lx^4 


4 t j (1*6) ^JLAi JLx4 

^ilc. ^ 3.1 Ll LjLljvI ^ x; i.ii~ 3^jJLl i?L>ul (jr 3 <_£ 3^-<^Jt-l I £jL-xj 3JI .xxtJ B^dJl 

j ♦.» vi—tiJ! t 3j^aLtJLi.i ^^_3jl {4_t_j3l_>J! tt3Jl^3L>.Vl — 4-_*_L_tLaJI ^^ya 4_c.^__4_2t_xi j 

$4-<uliLi! ^JlA 4j^£jJJ 3j_3Ji 4-3 L > > ) 

3_)3-*-li (Pitfall) 4_CJL>- 3 ^-J*l-« <?_L4i . 4_4-jI_3JI £ Ju 4> 4jj^)Jtl 3j^JaJI i_3l 1 ^ 1 " ,jl ^ 

C-JLLJI (Ja-Pij Lt>3 x4_j^j1jJI 4_^j^_>JI t xx>~) 3j nil ^1 4_jj_^J»! 3j) 3ll ^_*-ul £.1 Ur L> .uJ^LIcijl 

* 

J-Lc. \ Ia->» . 3^_3Jt 4 j »ll J^iJ^ jj3 4 j1 />_« ^?Jlj L^-jI ^ysjZi.aA 

3^3 Cun gl (jr £_3 - 4_jJ^^J.i 3 ^_3il J>_>. i 1 ^ > ~I a 1 3j <>u till 3 Juljq 4j3La] 1 ^.3.11 ^ oi ‘(_J ' ifwIxA 

• 4_jjjl3 4^j^- Cj3_>o 43j^-*_t I ^^311 4-LaL-xuj —4Lua^LLo 

4 i i U \ llj . 4-JJ3 Lj>J1 3 t^ySs 4jj^jJ,l 3^-1) 1 ijjyi* uaJl * 4ilLol 3jLC. 3 ! 


ISLu ISL d t ? JiVt \) y.L ^-pm 


Jd£j^* 3-^3 jJJLj js^>3 4 im UU . UK4L>-Vl ^jLb jr ^ 1 ^>3 

4-LuL^ Axj Js_4 <~> .-UU^ _i—titJt ^Jt Aj^K^U <jU -La.ijsw UjK 

. UK /y3 j«!KVt . L^J U s/-\~i\a Ai*j>oj Ai_j_ilKJI j)i_Ax ^_5e_j Aj^S^JJ 3^_nJt JaJt <^V) 1 4_£_j,_i-uJ jjJj 

4_>.lj.} 4_Klj JJ^-A Ji-ic- ^Jlii.1 (Jj t i u <_U“ -y&\ ^Jr 6 Aj^^- 4 o' 4 j)A 4^ «>5i I jlJa 

^lll Aj«ij_4-*Jt S^JLll ; *ru J^UJt 1e4 jjKjJ 3 S^JLH ^jU aLs^j Ferris Wheel 

. 1-^lc. _u_3ii L^j _pjj 


. LajLji>i ^_lxj Aj_>-jL>- ^£^3 3Jjtj jLcu-a ^3Uu 3.6 




3.6 J£ >-» ^ K_U.l ^jjIjJ! jl 1 u 11 £^SU( ‘■J. LLc.ti 

3j i^ij 3j_3il j-iill A_Lla_c 4 In >J ijy 3 . Cc^kt j^uLj Cxj>o 

{ _ 7 £j (Jjuaoit KUIL jL-JU <■ li 1«*-.~3 3 JljJl>» 3^_jij 

J£J . JUiujl oVUJI ^^ U1 ^j-uij 0 U- 2 I 

Jju^J A^oj^UI 3j_3ii jIjlJLo <■ 1 tjSLilJi f^ya £j->- 

^Ja-njJLI >ln->Ji ^jL_£ l3l -^J 1 ^ ~M ^1—«■» U Uj— o*lS33 <>^KJI 

<_Cl -i_La_j_>JI AjI gs Lt A 4 3 ^ "1 A 2j£U jL_c_u_M 

.s_Li_i_>JI ^ln^3 >1 Lo 1^1 3j^J! A<: 1 1 itl ^_3 ^j_u jLs-ojtt 


^ V-Jj ,>l . 3^ cUjjI 
cllijlj 3 j^3 j_>.jLJu l 4 U. >-l 

^.3—tInj->31 tjlyi\ 1 ^ >-jl 
O- 4 J J: L>^ ^Fi^Ljvl 

.2.6 ^Lj^_t_ui! jL±l>.^M 


(l^>^! 3<) 3^_ail 1 


J_5 0? i—AiU- . 4 n U-Ut A^-5fcJJ AijLjQ^?i «_> ^y^jJU Llc.^ 

.jL-il> 3 /_ 7 3 dij-Jtlb ^i-u_>Jt A-i3-jL>Ji 


tl.gjft d^rJUM L4 2.6 JLI 4 

Lc^ 4 J 3 4 l 3 j^ij ^,3 <. 3 i 3 l ^it ->.| .1.5m 4 j^L d tlnj •>- 4-31 ^4 aLj^jj^o 0.5 kg l g 3 ^.^ 

4_jCj i_u ^ 4l ijr A [—A 50.0 N Ji—tiu 1 3j (ji 4_i£LcJ >. In j ^Jl q\S !3l - 1.6 

.a^j-j>J1 i\Si\ Li-o^l 2n-t->Jl S2n_u>21 i > (3^ 3j£Jl l ^ i t n~i ^j 

100 m/s ^Jj—c, i 2 >j j 1 ‘C ^j^ 35 ? L^t ^ 1 *j t^Uj £-^3 . a! ^ 3 *11 AjL^^Lj 1 (t <^11 
UK IIlTi^s t In j -%J 1 ^jlK UK AjI 3^-3-li J) kw 11 {j-a . 4-d^-t-uJ 3j^Jl ^Jjl^.3 aK.« j V 


Ujtrtj ^3$ 


(mT) 


jlj ' aK 5 j_£L 11 41~ 5 Cjjl^) UK 4 jI L_lc3j! j_a < t"«j tl £_LaJLt_l jj ^J i 3 (jlj^jJI 4 Cj ,,, Cjjlj 

i-tj.<.~i (j^l 5_j_5JI jl . (jU-J3-J 5 Ui JJ 1/1 ~) 4 .>1 •> la olxj-i.a JlIc. Ja-UJl j-Lia JUlU 

(jLs i5^JI ( _ y lc- U UJ 1 L^j t;r l!l T SjJjJi 4_JL>JI ^jua ( _ r £ j^j-U »Uol i_gjj_«_«JI ^jl.n~iTI 

:4_bLd! (^ii J 3 P S^r = ma r I -6 4Jj>UI! 


/' = m 


V 


llr 


'■uM U J* J^W 


V 


V 


m 


4 i",<LI[ ^jLs D 4 . Ll -*_^3 4 a j *n I ♦ j_< 4 > l-. 4 -.Si JV £_a T ^.a ^ j)^ ClU 3 

I l ^ xi “t 5 C * f 4 > 4 _X-^_x-xr ^ i 4 l . i Jl- xoij ^l_x_>U x^n Ji 41 “X 1 '^ JluI/ £-LIl->*-) 3 j^_i-jSU i 

:^}l Ju>o ^3 (3-^3 * Ly ^>-k>iu3 

1(50 O N) (1.50 m) 




= 12.2 m/s 


7 max r = | _ 

m ]J 0.500 kg 
.5.0 rn/s 3j^JI 4 jCj_^ Laj-ic. lLx_o*JI juiiJI 


o4 

8.33 N :2L>b*Vt 


JjJlu J I 3.6 JU-4 

xxOJ 4_iJi^ i 3 ^_jIu ( _ T ^ <GjLj 4x^-ui.i ^u-u->J 1 Ju . /. 4 JjXd ;In-i .->- ^jS m 4.313^ ^-»oj_>- 


4^a^ In ill (3i^ * LiLl_j*_Lu_u ^« u^j > U j ->J 1 ^jl <±A i-v j 4.6 JsLuJIj r La^-Lib 

. U 4_i^LU Ju>.^l . ((jybI 

"> II XI4II ^i-L-ojJi iJT B >»JU_5 >Uj ->jl 4 jjI^JI Jii-4-} (jy^3 0 jl "t.rx- \ LxC3 

4_xisl 4 _j^_ 4J T COS 0 4.J iu ij, <Ll ^>3 L^LJokj >.I-i^>Jl L^j jjJj X 3^_3JI .4.6 jSLlu 


^i_£ A — 


li 5( X XL. 1 



^jl cu_i_^ X sin 0 

IJC4J4 , Ixixxj^ 4 _u 3L>JI 3^5 £_a ^-5? 4_u_oI^Ji X 0 

/' (1) 7’cos 0 = mg 


7ros 0 


O 


»/ 

/ 

/ 




lII 3^JLH 


Ui 1 


7'sin 0 


^1 4 jU 3 T sin 0 4_^ jX\ ^ JUill I jut. 

- jr Li 1.6 4jjm.lj jp^-j 


;«g 

f^y-Ljj^i -11 —^'’O c3j i ^‘ - 4^ 4.6 

. 4J I mJeJJ 


(2) ^ F r = 7 sin 0 = ma r = 

(1) aJjL^ai ^ (2) ^L-^dl 2U- 
--o' ^ tan 0 = sin 0/ cos 0 jl 


mv~ 


T 




iSLutSLdt 

i 

n V ~ 

tan 6 - — 

rg 

v = yirg tan 6 

Iji^Jj /' — L sin 0 < 4.0 <_jSLi-aJl 4 -j_u>x 1 a 

v = yj Lg sin 0 tan 0 

. 4Jj^ ^ic Ju^ l sLi)} 4x.^_<-uJ! <ji 


d^jvLu ('jisib i Lg 4.6 JH 4 

uua> 13] *5.6 J^JL» 1 .c5 ^IxJLa ^Ln^3^1 (jjjjio ct^- i500 kg 1 ^-n.in< 3 j L j- ^ . i 

.0.50 cJLLj-« 5?I^ otjLLs5fi < 2 ?^-* (j^Ppln 35.0 m ^ l->^ 

.^■LaeJj (_j-4JtJ 3jLj-(.u,U c_<_i_ujvl 

{j£- 3jl j .Mill 4xj^ (J-35 {jl <2)t <3 j-j—^ t (j-z 

£>lx a ^ .(2 mi/h JjsL^ 1 m/s <23 jl >"< c.\ < 2 >^II <>«) 50 m/s 

l_Aj 1 t a .A £. l_x 2 JI 2 ^° i t i a ! I {jy 31 4_C-^)—(_ti_l I i 4J L-^J 1 

cj<G 5?j (jy $Lpllu_u5/i ci-U^jlxVl Bps {jr Jt (^^jI jJI 
3^j^JU 3jJii! <2>kJs yu <a1=uu 

3j!3 0 _>L£ 13] ♦ 4_L>-lj 4 ^~i xa ^ jy SL u t r< .. l <. t . f VI liilS Po -Vl 

o3L£ 1% «JLill Jq L ^ ^ -I^ cdt£j^l 

^^3 ^-^-Ti-nO SjL^Jj <jl_3 jiiilj ij 7 lc. 3jL x <-aJI 

4-tai_Jtil 2>^ (J^n fU <j-4_9 <^1 f. ^*w 7\~t t a A ihj>- 

1.6 



mg 

O') 


( 1 ) 


/v = m 


V 


,i]L£. 


..VI 


*3 5 o^- 5 ( a ) <j^£P <^-<JI /^-A /^^l^-lJU <j3->* 3jl.i iiil.t 4 _c.^_<_u <_y ^1 

c?-^ L7 ^ _U ** 14 U3 3( oJu& jJlC. .gji VII 4 _^Ljv r. 3jl J inil L&JtliL 


jl i.i <3 3jLj_*jJI 4£j^jv ^Xc. vla^Ljoj 
cr*- 0 ^ '* 6- 3 (b) «i£jh* ^4 


m! 


•/s 


s,max 


u n 3 j— s <2)>^ 


.BjL^oil 4aJ^JtJ 1 5j^Jl jl jJLa <jl^ Cr^" ^jku-uil 

£>/ s 2-^1 • / s ,max" H s m 5 I («= 

4^ij_^u a31 <2)t Jl>u (1) 4J3LJU 

v r 


= 


/« 


m 


H s mgr 


m 


= 


= V(0-500) (9.80 m/s z ) (35.0 m)= 13.1 m/s 


(5oT) 




(jm) 


4.glj--W./a oljLij ^ JX. ^3 u^-u.tJ1 j-A ijufc ♦ 3jLui-uJi 4_i3^ (jr^- Ji^iIuuV 4 x.joj ^ jjl 33u>-V 

/^ILlI J_3_Lll CjIj,L u-J 4 3l~i->J>i ^LcutaJ 4 _juj_«-uJ 1 i _ y ic ^jlj^jJI JlIc 4_c^_cxj <^i4V 

•(3i44' 

j-A La 8.0 m/s 1 g "i^-.j-ljj (J_uoj Lojjr. JL-xj 3lJ-^ (jr^ Cjr^^ 3 Cr^" Lr-^ t J_u 

.4JUJi 0 J_A> ( _ r 3 ^ySLoLu-u^l i^LS2c>..Vi t _j^aljLjQ 

0.187 t2uUV! 


j A>wU 5.6 JLx4 

c> CjijLu-uJl J. <w O y^J ^J^-u L7 J^tSji ^uxoi J^<3 J . 'i^a l-xXLjj 

4->>^ 3 3 U 4_C_^ / ulL 4jl j ; iitl j-t I xtl LaJuLc ^ it 4 j . 2)3^> ^jbr.Ul (jljJjJi * LiC. Vi 

2)1 ^yJju Lu •>■ 3_}Lc ijui (JiL* .^liib >q 2)^ 2)i3 cr-^ c? ***" *0 u 11 <<r> 24 l ^^> 

(_yjfc (jl—LT^O] 4_j>^j2i—all 4 _£_j,— uuJt (jl . ^yi- ~>-!L4 II ^ylrvljJi c_aL>Ji i>L>«-j ^|_y5_i ^L£jl\ jla 

.j)U »11 4j^ijL« 50.0 m ^ i^t-Li 1 c a is~\ io (30 mi/h) 13.4 m/s 

ciil£JL>*Vl 3^.9 5“^L)"^ 3-^-j ^jLi «i.Jl <—AJLcii> 1 2)p^ < 3lo t.,i a ^_ui ^y_Lc 

6.6 (JSLtlJU L*i> 0 4jj1^_j <^1 U«>1 4j 131 <(2 >^ • (j£^ a ^3 3jl a m li 23v (jy-5-ul ~i ^Vl 

(2)) Oa ^J . (_yJ•>■■ i3i y£j-A 4_j_>.Lj 4 ^ or a /| sin 0 4 j 3 °tl 4 -jl^^o L 4 J 03^? ^ 4jJ_9_4-*J! oy 3Ji 
( a isi) ^Lr>oi ^3 ^yjLiJi (2 h 3-fj ^ ‘ lj..^ ts> (^y^- ul 4_i » V 1 tiJlSjLjv.V1 3j_^ 03^ c^ptj 

. j Ul ll 


( 1 ) 


^F r = n sin d = 


mu 



(JjL_<5 j j__?^_Lq (^3^- 3jL_wjj 6.6 

uL t l ^4L_' > -Vl 03^? L^4 Ir. .^3 aVl 0 4jjljj 

Cyl-,., ~ H j n.-iul (jpJl _3J1 2)1_^ V—c ^—* 

eL .3—' 43.^1_>OJ J _ 7K-i -ijl 

4—4_tS2>«il (jr^ ^l_»_u_4 ^3 SjL. j.it] i 

e, -x- A Yl 2)1 ila-^V . 4 -jJ^ A- «J 1 3 j 3 , U 
oljlioVl L^-i (_ 7 3il ^^3Ji 


i JL4I3 (^J)_^jQJLii 4 L>oVI ot^i 4_IL>- ^£i BjLj.cuii 

uM 2^y = 0 SJjUil cy> J^-*j 

(2) n cos B = mg 

:(_yJLl (Ja^i-^J (2) 4 JjLlU fjy^- (0 4i^l-*-U 4_4 ^ai3j 

l/ 2 

tan B - — 

rg 

\2 


6 = tan 


-i 


(13.4 m/s) 


1 13.4 m/s 


(50.0 m) (9.80 m/s) z 

-1 ^y \ tr-.iU ^jt t ... tl (. 


= 20.1 


1 a Ij! 


£jt 1 1 u tl (_ 4 jC - ■ t^l gjtJJ uljIC|L>.I LiJljLA j ^ t. isklj 

(J* ji—^—4' c4!) j--“‘ ' ? 4I J—d)^ 


iSLyaUu Jjlj t5LutSL4f I) ^LiJ_u2^t 


J- 4 J -X J (j 1 13.4 m/s , jr LLi.l ^ix. j j.tuj /jl ^jjl .^6.6 ^jSLjJI 

4_}jlj .(6.6 (JSLuJ 1 I ^Jj j ^jLLJI ^aca JjVjaVl (jr^- 4a 1 flarll (jr^- 

. ^Ix. >^ 4 - u -^ (jr^ BjLujJI 4Jb5i <_bJ la.*) 1 


y^. (JJISJljvI juvl^Ju La a i c. j L a!1 


i?L>ol ^LUl jj^jUs uLL^i 

• l L^_LU <?L>ut jjtatxll jJiwL j_yJl 4^jacJLo 

mv 2 


n sin f) + f s cos 0 = 


:2ul^V! 


^yC,l Ur^ff^gdtl 6.6 JLL» 

P)t L_Or ^ jjua^Jl lju» ^ g «a~<I . ^paj Vl ji J^s ^^3 j o Ju ^^LLua JLU 1 Jl^> 

£?< 4 i “ ^ i a Ajl _ i "( c . i (_p41j O j. j.* t s\ 1 1 t U a-Vlj 4aj^£4l ^L-a ^ >VI (j u 4_u 3L>JI a^_3 u 1 ^J-*J 

L&jl JULa 4ajL- 3t K 43LiL>3 1.4^ t.u /??2 J i 4^/i1 Vs 

F V =G» 

4_< t. o ljJ ^c T l—l -i- u ^jJlj ^)a^_u -jjaLaS jjis t JL4> * (j ~ 6.673X 10 ^ ^ N‘ID^/ C-t-i a * 

.14 

h ^Laaj! (jr Ic._2 ^ 4aala 4_Cj_i_uJ {_pajVl J^->. (j^pL jl JaQ xll^-^aa 771 ‘I T J uS ' ^X-i-La ^paj-Si 

2 -Ls LjLuajj /?p </? tG 4J^Ja ( _ 7 _X.t I.uaJ! j 4 all 4-X:^ <» S< <« "*•I * 7.6 (J^-JlJIj L- 4 ^ £_la_i_« c j_xa 

4 -^) 3 {cr*3^ 

^>L>ut (jy ^ jmJj t _ 7 It]lj 4 _u3LJ1 L jJt> (^xiLLaJI ^L. j-J^J 3jL_p.jit 4_t>-jL>Ji 3j-3Ji 

Ij^] jl < « 4 2^5-3Ji (jr^* 4a^L>uj ^paj^l J&J-* 

F'-F t .G^ 

r 

: ( _ T i £ - 1-6 dJjbtlij <(jr jli]| U -0 

.2 



gMiOL 


V 


- m- 


r r 

—* jjao r 4_sl_t_Ll jLl- 3 x^1 jLwVI ^_4 v jJaKila 

: (^ixi Janata T = /?£ + h j-4-SJ l ^1 1 


4.TlITl^ ^y^. 1 i^o j,—4-5 jJJU 7.6 Ml 
"U 4_Juia 4—Lj - uiJ jjlajVl >• ^ 

. F—Rp + h aj.Li.5 t >1 t {^jjL jLo_4 

^jLilJl C i. JLULi I Fg BjpiJi 

. 4_u3L>J I 3^ Ct^ 


(1) 


v - 


GMv 



4 X C.J-UM ^jjLJ J <\ rtll 'M 

j. a J531 (j\-s 4_al.,mU SjLj^j (_j^aLuj I q_<._i ) i_^^SL!l 4JtL^ 

.C^jSJI 


(7o7) 





^-Li 3 t-<2. <^a . > (3^ l«*j -1000 km ^LLsjl jLujs u-n j_c-3 jjju 

JU^-^i 1-4^Lt-t^i 11 j_o_oj 1 4_C^_<_u . 5.98 X 10 -4 kg i 4 llaS^ 6.37 X lO^ITl yJt ^jlsjVl 

. 4 JLal^ 3333 {J-**-*-! j <LU1 (j-^^Jl ~333 jJI 

6.29 x 10 3 s= 105 min ; 7.36 X 10 3 m/s :2uL>.Vl 



<Lp* (J& _olj llc,J 7.6JH* 

jJb Lo-^ 4—L->- jJLtTu l _ 7 lc. jLm-iS ^3 ^_>J1 4 jj*jLLu 33 Ju 4_jl_3j 3jollo m <Oll£ 3 ILL 

4_x.^— lj±j 2.7 km Lk3-L 4 i. a,ts\) 4—^i ; <?3_il_i ^3 o^jLLaJl LiSj— toj^LLl,l <?juA ^3 . (8.6a) (_LLuJL 
4_A 3 JLl£- (b) . 4 _j_j>J1 ^Lb JLlC (a) . jLlL-H ^.L. JljlJLU L 4J 3^33 i _yJl £3-0! i u.n’vI . 225 m/s 4 _IjLj 

. Htg jLxLijl 33 J 4_!5fja LLjL>2 J-^ ' 4-»->J i 

33 JUI 5-L^ lA5^ 4_j_>JI ^13 JL i£. 4_jV (b) <J7 3 4 jLw5?1 ^yi j-&'\ (a) <^3 4 jL^V1 03 ^ 0^ £-2>9 
.<?L>oVl - > 3 LL& 3 J 3 J 4 a A 31 Jl 1c. L qJL u i^jjLiinJLo C^^Lvol ur& 4_jjjL>Jl 3^3^ 4 _j 3 j-qj»J 1 

3 ijy 3 jLkil ^_3_i3 ^1 j 3I juLll 43 jIj 3^3 t ^u3-^-H (3^3L4J ^_^_>JI ^1-nt-i 

C-t-p-j f L3il jJur 4_i3^3JI /)l_3 . j(jl3JU 3 <i<3 > L 4] (jr lll 3j_3Jl ^^3 ! I 3-<s ^lr 

4wO-nJi J-Lc. 4jJj_*a_*J! oynl\ {jA j-S> 1 < 3 ! s_^*u ^4j3^Qjui 3 3 3l! jl i^n a oL>ol <jr $ 4_j_j jL>J! 3^3 q^J3 

^-^.■ 114 -II ^-<-‘^31 8.6a t"n 1 \ (a).(4_><^.*J1 o^, 311 ^L>ol a ^3 4_u3L>Ji 3^ 3 (j^-j 

J3 4—ojjL-^Jl 3^-3 (_ 7 -A jl _ibi.ll ct- 3^ 3j^3il . 4 _j_>J I ^1_3 ^^3 J 1 1 lr-1 11 ^_J>2 I p I <1 -aJJ j 

^^^^xl\ £j \ xn“3 l ^ U *2 ^J\ 3 ^_ 3 J 1 jjJ o^v . n b()l L 4 J j3 }j 3^33 F^= mg 

:^jL 2 oAJ 1.6 4JjIjlII ^U.3ll c ci is-i ; i)L>ui ^3 lP^ - 2 il)^ ^bot _ Lkjl JuLj 3_2tj 

v/ . J 2 

Z^r = »ix,( -mg lin¬ 


ing + m — = mg\ 1 + 


= 2.91 mg 


(225 m/s) 2 

^hot = mg 1 +-s- x- - 2.91 mg 

[ (2.70 x 10 3 m) (9.80 m/s 2 ) 

jLkJI (jjJ Cy* 03^ jLiloJl ( _ ;r ir- a»3U L^j ( _ jr 3il 4_oj-<i-*-n 33 _aJ j \ , \3 a ^jLb /ya 

. 3j-,o 2.91 jIjl 3-4^ all 4—sjj /y>3 j_L_^i 4JJ3 jl j ^ 11 £_>! ^ t »j ! jui . 2.91 J^UiL 

^j-o Lilajv'2 La^ 4 u_LJ1 4_o 3 jilc j 1 jLJ 1 ^>->31 ^in'* II (J7 -ljjJl1^]\ ^ojjJI 8.6 c jJSLtiull ^In «_j (b) 

J-3_uu^/ 4_n^3_a jLJLaJl Jl*_3J,1 L 4J ^yii 11 33 3llj 4_yJoj^l 4 _jj3L>J1 3^3 ( jy* 03^ lit 1 - 3 

^jj^u t j3_}L3 j-a-3i.f2 . h jQp+ nig tjr & <>L>u £jL^ 3JI (jr lnju 4 jLu 3J1 33_^Jl jl j_3_a o\-^ crll-31^3 

V< r . V 2 ; cr^c4 li]l 

2,^- = n iop + "^ = m ~ 


«,op = m 


- mg = mg\ -1 




ISLujLuJJIj ISLulSLdl :JjYl 


(a) 8.6 J— £ —m 

3jjLLi3 jt—J_Ls ix rt ■ o 

(jr £> 4jjjjLLi_j 

(b) 4.j - ^ij s^b 

o— t-u ~ 1 ' i ^ 

^jJlU J^>Jl ^U_u_3rJJ 

u-Lt- >AP pJl 

jliLJ 1 

tj_A fjst 4 _ j. _:>Ji 

0)3 03^-1 
(Jj-tkl \\ 31 _-lira J1 

^)3 o-* )—;— 
(C) u a < —5—=-JI 

i ii J i —i ^ 1 1 ^_i_t )y _; 1 

j) (iH I 





J) ^3 

4_i_>JI 4 a& 


«I 0 v= m s -1 + 


(225 m/s) 2 _1 

(2.70 x 10 3 m) (9.80 m/s 2 ) 


= 0.913 mg 


J-aLa-^-j dlt 4_jjj ( j r a jLikii ^ir J. ♦ Ht! 1 ^) j5Jj 3j_3il jl J...3. a q^-j 4_lL>Ji oJ^> (JT B 

♦ { jr *LJL>i_n 4_jjj (_j^ I 4_jjj ^jLj jLK.11 j * < «jij 0.913 

l—ajJx. jL_lKJ l J, *. HI l jJJ_> j-LslSJI t a is\ > £>l__>ol 3j 3 11 jl, V 3 a CX^- >6^» 

. ^-L- ^ 4_rtl/sj 1 (. a is\ -i-La ^8.6a J</;*) (_ 7 i3 A 4K^jll jlIc. 3j_jLKJ1 




^-uoj_c L<i£" 4_3_ilj 4_c.j__i_o_s ^JbtJLa v_iLL_o (JjK (jyic- JjJj-tJ 3jj_>. 

ij:r ^J 3 jj^>J ! ^Ac. ‘LLL^i i 1 L^j jj jj 1 3 j-3J i C * B * A jl ic. cj 1 .9.6 

.iK3ill j-lc. llLL-oJI Liljj^iu l^L-»o 


9.6 




J-Lil Jij-AJl J. < x~u I a"i (j l t.*liSL<u J_A . 4__u_u!j 3 jjL <■ 3ij 4_£_ J J 4 _KLjj T)^ 5 41 J^>- bLL_u^l 

.^L3il LsJl-Lc juili j-4 4_jjL3IL 3 jj1jJ 1 jJr. ^.Ijl^JI Loj^ic. <;lju>Ji >KLj ^^ 




Cs) 


jjul a j ,ulajg j s^jJiLuJl 1 



a^JUl 0 .U*3 i^'i-zr \a 4x. f-uii ( _ r ^J^ILc JlIx. ^jL_u_dt CT^]) ; 4_i3-jtjJt 4_£^_»JI «.U3i 4JLt-dt i ^C, ^3.1 i ^iaju 


tJT lx. BjljjJi 4 fj 3 m 11 l-jI^j ^3^*^ L?^0 3”L>"0 4_o-Lj £jL_ujJI ^JjjJt cljLx Cjr Li 1-4-J (_y3JI 

. JLXt Ijla ^ 2 , ^^JjJt La . 4_xi_j^_} 


NONUNIFORM CIRCULAR MOTION 2uialiil jj± ISu^dN >>eJ< 2.6 



^JsLjsVLi » <ul_h jt 



^<u-u_>- 3j3jJU 3^3il (^3^3 LajJx. 10,6 

iFj 4 -lu-uLc-^ 4_j_^j_a I 4 J ^^-il J jL-tu>a dJj-^li 
^PJj I 4 .|KU C^ 2 }\ . j-uuu ^ 4 c.j i u 3 )L 

£3 —a >JJ ^Ji> 4_II—:>J! 0 -LJb /^_xai—>J I jjyi-C 

- 4j uL»Xl 3_^3J t_3 i^x J1 33_3ii / J? ji>L>o')f 1 

. F= F r + F ( ji^i 


t iiir) (11 j j£jJj (jjl\ 4^?c3iil 4 j3j^c-*JI £jL_u 3J1 4_i5s^_a ^1 
IjL^J . dv/ dt Lbjl J. 4 /a 4 u»Lc_a 4 _i_£j__a <^4j^1zl3 

\ $J (jt i—-Ot-i u. _>J 1 ijr^S- j3^_j —fill jjl—S 

<jl C■<-*>- ♦ J.U311 ( 4 <^n z>L>o! 4_Lt-uLa->3 4_i£j_a 

^jJj ^_y3J I 4_LLLjl 3^-3JI jjpi 3 — 3j.+ 3^ ^-£t> fcjLca J I 

^JSLjiJL ^Jts La ^ . F— Kj.+ IJ7 Jt ^.lm _- > Jl (jy-L^ 

^Jj)Lull 3-^3 3jj1jl 11 j-^j-4 4_i_^Li Fj. 4_j5e3_JJ 4 j^3Lj 10.6 

t ^ 4_x%Jli,l .jSji\ 4_t_>-Lj 4 -7r .*t 11 ^-^ Li-g - i l l jyJ^- 

j^xcj -i-1 tjr * ^ ^ -4 *■ 1 ^3 ^ ^ 1 (j^ - {_ }>3 ~ i — 4ai ^ ^ 3^ "^3 ~*^ 

Uli, i 3J . ^yz jli 4_i_<-u_tJ Lj ^k-t-u->J \ 4_ C. j—ljj (_-y-^ 3~ 3 ~ * ~ ^ ^ 
. \j^t> (jy-lLJI 


8.6^JlLL4 

O 43ulj 4 _Laj2J J^_>- 4 I L u h t 31" R 4 J^L. lLi_u>. 4jL^j (jyS 4lojjjw4 m 1 & ~A:l< 3^ _LL ud 3j-^ 

V (j^Li La ,3Jr. 4_Lu>J t wLlT. Ja-t >Jl jjyj Jucuii ( _ i , 1 1.63 J SLq J L LaL 

JJ^>LU 0 4jjlj ' Lij.L J t £-j-u^J ) 







(2U)f>£fcJl ISLulSLdi 

v. 


^—oil (<i) 11.6 ^sLlu 

m i t>jS 

R. <U^Jo ■, L j j*LJ 4J3 


5->>^ 


4 —^ Ur 2 

ill (b) .0 Lij_—4 

1—ajJ-C. OjisJt I^-Ll A^3|JU 

. £1—211 4_ft. Ai1 jwlx. 

La i $ I JL-cuJ I i 

«>SJ! U>Sj '- 

1-« Ja!^ £j-ill 

-4^_aj! JlLc. Li jJn 


mgcos 0; 



-O 

*gT ^ 


sin 6 


O- 


Vbot 


mg 


(a) 


(b) 


4jj cj i (Jliit tjui ( _ 7 i 4 4 j_ol ic.^oiJI jjl >~ [; i->. 7.6 JliU (j^. (iJUi 1 

• 3^£J! ( _ ? l£. ^>3j3 4_ujL>JI S^ja o - a fjLdU 4 . . .. 1 ^ j 4j^j^a lAJ3 ijLoJ. 1 ( _ y la^ cL>l 3 Ill < _ ilr I JlIc. 

5^3 1—4Jfc_$ Sjiil 4a—iXJl Ld <jl .->.V 1 t j_j>J| ^—1 ii^riJ £ya 

4j— £j-a ^J Bg J _| l-^- . 'i j .lLi—L$J jjJj T oj Sllj ijjLsjVl Lgj jjjj ^yill Fg = “LijjLsJI 
^Liil jj3j_u ^^jUs Jj mg cos ft j t*>3U 1 3 1 jiL>ijI ( _ ;P 3 4_jl $j—a$ sin 6 4_i—cuL«^ 

: ( _ r l£. «L>oVi ur& 3>SL}! >3_p cr^i 

^ F t = mg sin Q = ma, 
a t = g sin 6 

< j)j il ^aL .Uj — dv! dt iSj -a . 4 i m illj TJ ^ t j »"i ^jL^Loil 4 q < nLaJll 4—£^J,i l 11 m~n 

3 r J T (ji Ahv^La £_« ^.l-inll 1_3 1^1.i «L>«j| 3j£L!l (J lr. jjjj Cp-ii 

: ( _ y lc. lO 4x>-U tjl ^-a-~ia 


^F r = T - mg cos 9 - 

• 2 \ 


/7Jt» 

R 


: jllJ! 4jjL*>s 


^ n^"uj 


T = m\ — + g cos 9 

\R / 

cos 6= -1 9= 180° c 


ijl Mall <U2 L ^c. jAa^Li’ tjVL>. 


T 


(Lop ^ 


l°p 1 ^ 

^,1 £jl—ftuJlil (3l“^ Lx — 0 4in2J.Il ?JlA> JulC 4Ji J. T” 4-4 J. ° j (JiM ^yJb £>JJb 

. A, ,,V 4j^JLaj 4.j.1^ ^^.tn4 


( 20L ) 



(^209) 


J>3 )» -4.Jpl jJl dSjJxJ * 


:j\£> HJLJ cos 0 = 1 j? JL^}G *0 = 0 o-o» jL_aIl f Lb 
'/ho, = W^ + S 

LaLcj L^ t, .g L1 a £jLuLJ1^ Q.j ~ 0 y >~^ 3 4 L L11 gJu5) jJx. . jJuii 4^j_3 ,^-A g-LA 

. 4io.^ij^Iu. I 4x.^_ciJi 3jL>j LLp La Ijl ^-L-dJj (ji *Lj3rl! ,^£-4-1 3p2U £-juz ^A I Ju.C. 

. tjS-AA L ^ -uaB I JLuuJ 1 O^” 1 t — c d J> “ * £^Lj i (_y3 1 L>» V1 



(b) 




to^ 1 ) 

*Lcjl m <4^Iat I N ^ 3.6 

MOTION IN ACCELERATED FRAMES 

L^ji L) -*--.i^Dy\ l5 _uo_b ( _ T ij 4_^_2 c-U ^pp-u ^<ujl_Lj jJx. 

ijufc ^3 . (^J5 j-cO. ^ jLu-ul jlLl Ly B JuJjLLuLI (jp-J Lajiic. -.la n°i J^Lt-Ia 
— u~\.. 4 }-—*—£- jL * *jI jLLj JU&i—JuJ, i —a i J-Lrj i a ilil 

• cPLJI ppu i i uj tjj I 

^_*_u_>Jl ^ ^_-L-C- ^LLj 4_£^_>. a-i 

4-JLl. (jr^" >-*-*-*■»-* Lx-u £j\ ^j-opi51 ^L.*i<a 

Jl_>*Lj LL-i>. 12.6^ (JfLcuJL L (J7 1s^1a <jL3Jp>a Cy° <—jpLnjj 
4—*-u_!l—>- & jpi^_L_> *pLaJpI! ^.L. Sa_L-i ^L<* jll <?L>oi Sjl ^ *,nil 
j_c4-> 4-LiUJ! i?j-A> jJx. .(-jLJL ^vLupj ( 3^<uVI <jr xaLo*^l c_iL^pi j* 7i & 
La . g^ L _c^ J 1 ^yA L gb^-A—LM £jA 3 jLl_*_uJ l (jyL- <—ll-Jl L^J 1 Sj)..^l I 

^-l^-^3 j-±C- 0^ OL J-±-‘- iUl ^ ^t_-)LJI ^t_i udj-j^xi 1^1 «>■ i^LJl 

jP[] jLu_jJ 1 (jr^l L^jlBJu 4 j, ^^aJI ^ji 

^jl^ l *.LiV i_Lt$2j i4jjPp»l S^jLLJI S^JLli l^iLr. plL-j La LiLL^ 

c^pL>i jLL! . (^Ll-IJ! Lo 1_LL_L <LV 

I 4 ] L ^-u.iirJ Fictitious Force 3 > 5 ii *>jab 

C- <.fc.».*i 11 Lc . i_pL J 7^jJXlA ^yA 4_spii> O UJj-3CJj 3jLu_u (cl) 12.6 

4a_tJijJL (b) ^A.-Qp 1 c_iL *>L>u 11 aU 4_t^p 

(c) ij^A- jVI < it Jl ^_jc_j 4—3^.4 L^_*_aju *4 t .<npi jLLuuI jUo^? 

j_?c_j 4o^lpl (jL- 3^*7) 3jLt-t-u.]i .PP * ^L-t-ui jLLL jpaj^U 4 _i_i_uJJ1j 

• g^LuLl (_PL p-A L aLoI ^_ulj LLotJ \aa jLuail 




(2u>^5fclt ISLtaU j Jjfj ISLulSLJU:JjVi£330 


i.Lli.u ^i 332I oj^j 1 )t JpLc-aJl 32*3 . 12.6b J^LjJL L*^ L$j ^sL>J 1 £jLu3j, 1 jLu-uVi jLL] 3^ 

. 1 ‘ 4_o»U ^Vj-jVi i j r A 4. i.u-flj 3 jLj-oJ^ <L^-*J 

jJlj^-Js! 3J 3jLo-<-aji (ji 33 *cr^ L*3 <Lct_x^_uo 3 jj_i.^^ 3^—ALI^J 1 aJJb j . j <■ » 

<jl 4 _j^IjJI JjLj>u t<JT j_^Lo j\ m a ( _ r B j-C-JJ ^_3 3jL < nil 3^jw_i Ju.c. . ^ij3~<... a jL_u_a ^3 4_i^ljJi 

j 3* 1 ^ ^L_>oVi .3^^1 Cp5^H o^- 1 ^ LaLu > 1 j_a .3 "t <4i11 cL^JkJI 3^^ cr^ - *-2 
3>^ <?L>o) 4_3^ 4 jvj Ju 3 3 Cjj3! LI 4j!^I . ^l3u * **a 2i^_>- <_3 4 ^j>JI <_3 j -a ~i * n J <jl J-A 

3jL 1 11 3— t_u_fl HA ) i^-L^-L/3 j\-,u.A <_3 oJ j-a- ^ i H i L^jU * 12.6c 3<LL1L L<3 t 4_i^ljJI ^-L- (LLbclVl 
oj — i - i ^ Cx. i _u_ J (jJlf^L^^I 3^3 C-uLf^ 131 .3jLj-t-uil ^_»_3 a l.^JLu ciIl£JL»-VI 3^3 3^_3J1 &JJt jJ^x^a-a 

i—jl_2L ^„xio jlo3 Ij-pO . 3 t-u-J 1 3 jL^J 1 j~j jSi i xU La J. \c. /Vtx_j! (_3! 33“ XJ_< " U l-^pS 4 —l'^ L^ - 4_>.jAj 

3o -u_J 1 3^3“^ ♦ 3jL u . aU ^3 rt -22 ^Lt.ui.1 ^j_aja-i ^3* /x 3 1 a3i 4_3l^ <L>-^j_5 3 ^-l_£ 33 1 ^LJIj 

$3^ 3I j-4> <—1 jj^2j ^jl 3LL1 4 .uX> 1^3 4VI ^^3i! i r 5 W^ 3^ K ~ 3 

. 3^1 ^ i ,t J j 4 j>- l . u ^313 jLuill ^3 jjum J 31 4u3l5 4^*J*4J 

J_aLLxjJJ ^yS^i-s i3jj) 3Li.< ill jLLl JLaLLJI 4_l_cLlIL 3 ^jLoi_u ^_«_*i_>* IjI 4_al£. 3^^-^ aa J 

jL-l^I jLLI ^3 j-A>l Li a 3La L] . ^F — tnsi jji ^c ..jj (ji 4.a y* ^Llli 3^5 -^* ^ j-3cJ4^_uj 3 

4_t 3-^“^L 0 ^ (jjLi <**><11 43^ ^ L- ^LJl ^jL-LLa 

jLu_«i jlLj ^3 ^jt \ LuJ LL 1 ^ <<o3^4-^! ^3! 1 1 ^^ 311 <?JuA ./j)-i_3^3iJ L>J 1 xs> ^-jliJI ^j^jL3 3-*-^-3 

wik. 34 > r> V1 1 OilLA /jl tL3 . 4 j3 1 3 L3^ 3 3^-^ 

^j, L ni d _)L_j_«! jLLl ^3 3i3^ 4133*21 oJ^t ^jLtlLcuj . jlls>l 3^ 45^^21 3uji>Li-a 

; L <» 33 ^» 3' (Lv J 4 I 3 II 3^-2^ 4 j 3j 3->J! 3^_3JL ( _3 JU ) » ^ «■«* >21 3J^ 4j 3j 3^ 4J ^J 

# 3? 

dJufc ulu3^ O!-^ .qCLU JilL-uVl jLo] iJ 3 ! 4 Ij-oi^l {£^3al\ $JJt> CuL^ L] ♦ ^3 2o-i->2*l 

t3 jL^Lj jJ 1_5 j! /-<.»>! jl-Ll ^3 j_aLLi^3 4.jL ju ^j21 <_<iju ^31 3-^^*^ ljuk ^3 4_^^>->21 

jLL-oVI jLLi ^1 j_3r 3,ul 3 ^3x3Vi 3° cj3 1 ^^ 3^*4 4lI .>L3. °> 4 j. a _t.3 >J1 33-^^ jl 3* c -*^■ 

. ^^Lnui. 1 

.a juyi 4^3331 9.6 312-4 

3 Lj JL L3 4_p-L ^jL_o3j ^_i^_uj jLL4 4_j>^ <. L3,*d 3^ Jta_Ls*_j m L^.iL^ 3^_i « ..ud 3^3 ci<- 3l .c. 

3^ cjr^^ T 3j_3Ji 3^3-11 <jt-L“ \S 3-^1 ol~^ (13.6s 3<^) ^3 ^wLaLLI, 4_ < . < . « 1 1 L . 13.6 

(jlj jLkJl 3j-^- j_4> 3321 ^jLi-aj j^LLU ^3-H< u\ .<LujL31 oj&_$ 2^jL*2^ ^ 

.4^j 1L31 3^_4 (j3^ T J 4 i ^331 4 33I oj-^ i -L2 jl^ .T J 4 > 3^VI 4_33^ 3* ^jL>u_21 1j-4> 

4j^ -uai l LaL j-L 13j ^F= T+ mg~ ms ^3^-21 c3^ (3^-21 ^jjjL3J1 ^3 •-2212 

7 :2LJtJl 


( 3 ) 





^y&j-rSt JJfcLLa 
(,>j-*j 4-ijjJI £jL>- 


(1) £F V = T sin 0 = ma 

(2) ^ F r = T cos 0 - mg = 0 

jukLLaJLI ^jSLaj 4jl_^ t h i—jLi-u_>J LuT (2) t(l) ^rLLL-ll 11 _F_.> 

4j93Ll] 1 J3L*. tF 0 ji-Lall 4_>^C. ^jLuj jljJLa 

« = g tan Q 


JjO-LJl 


''■ a.; 4jLi5 ^jL-i-tuxil —a a. -a t tt t^J 1 1^ ‘ L i 11 4j^l^Jl ^jl t ~ i t * 

. Accelerometer ^jl,.r<ll ^Li! 2^ 


£~a 0 4_j^Ij ^ f * 0 1'3La 2o.i ->21 ^jUs ^ 13.6b (JSLCu) 4-ij-*Jt ^JLL j > ^ jiALm 4 ■ ■tii > 

L^jLs 1.1 * u i 1 ^ r ^ l < u i ^JLlLj ‘^3^ 1 " ^2 ^ < < n tILi 3^£LH ^jLis aiiL .^u-u LJ1 

~ ~ fi 

3j^J! 4 _ J £L li £)( ^jz. I 3j_31j 4-t a 9i ^ 1 4_x^jJLl £-A (jjijJHj 4^u^l^j_sVI 3^-oJl iJU-xa 

^ Ia«j 431j£j_« 3j^uo uii ^jjjLs i a] 1 ^_OL jliol iJ> Si ^jLc*u 


J-U2- Ju4>l_jiA 


(1) = 7 ’sin 6 - F ilcuUou =0 

(2) 2^ =7’cos0 - mg = 0 


jLa 1 j_^l . (2) j (1) diVjL»i,l <>jjis (jLa F 


fictitious' 


j ne pfj a ] mo. (jl Li^—c. La Li 


tjLa <ilL j-a j -iF»“ 


jlaI bill ^JLa 4 t .>>1^1 jjlllJl jjjiiu ^JL i*o *t_i Ljj -aii ^_i_c. ac^LLU 
. .iLLA'i (^jLLl ( j r 3 i Jrb'^J lLj_>JI j^Lj^-uili j i -../t~tl 



13.6 

^3 4_3Jul>3 3 j. j t i^y 

Li m " ~> jLLa-S 
(a) Jl^Jb 

j^C,Sl 3jLj_4-uJ I ^jL>. 4-j <sn °, 
4_j_isVl ^4 jl^^_LLj Jl-qj fj\ 

CJj (b) . T 3^__all 

0 ] \SJ 3- L ^‘ h> J-i-C- 

^jU-uj 3^SUl 4_alSJj Sjiii 

_d_j-o 

4_3t_i3u ! ijJZ. 

4_t_c3o \jSiS ^! _g II 

3—o3*j—-jj cA^'j 

.T jlAU 4.^^1 


(h) 








(2U)l>5fcJf I SL uLu Jll^ I SLu j Sull t JjVt»jjtJf) * 
jljjdl ^UeLLII A-u<iij^lsVf 494 ) t 10.6 Jli- 4 


4_L>lijl^ILvVl 4_4 _jJX. SjljJ 4_tx3i 4_xxJx 4-C^uo^_x3 772 l. ojjx—us ^)X^_l3! 

1 ^1 (Inertial) ^ f e ^ 3 ^ ,,i ^^ ju& 1 _*luJL 4 _lu-ujLILj 14.6 ^JS4_uJLj L 4 ^ 4 -*<^. 1 X 1 dax jgo 


xo . 4 ^aIo->J 1 4_.,_J1 


v 


'/ /' <>jl J-xx ^jL^oJL) j3L_oj LgjL-S ^UaljL) 4jb^Jl 


^-1—L..1— 

t- oo SL j a 4 Jo£J{ Jxj_>J! 4j i^jJI T Juiiuil 4 ->oLj 3 S^I1 4 g ^r~ U S^xJl cJ-& jjl OjfcLji-U 

T - mv~/ r 0>“^ 


^-3 loJ! 3 L 3 4 —txJ_lS -^.ic (nonmertial) x 4 j>_ lc. 3jl&1— Jui. 4_ j i .. t.«uJ tj Lx! 

fTtlP"/ r L&jljxx 4,^ rr ~i a 4 i.i^> 1^J13! 5^3 ^xD^Txj 3 Iji^J * l^Xox l ^ C .^ L x-uJ ^y^LolLl^ 

^^L-4-uJ 0j-2r JU ail 4-jlSUi 3jjUt (jl-3 L$J 4 -aJJL . ^J^-i JlJ l L^J S^xJ t jJ^lxxl 

.T -mv 2 /r = 0 ^iiJi i>y^ s-^4 4jL>4J ^3 Ij^x 



{ _ ? Itil 3^3Jl (jl JxLJl«_a ^Xjb (<l) . 3jljJ 4 L_£_i^Hoa {j7 £i 4 X 2 .171 l^"ill«5> Ojj: t_ixD 14.6 {3^*^ 

3 J..1 >> . ~ J,! ^ylil 3 JxLiJ, 4 y .1 iUo Lol (b) . 4 j^j! jjj 4j£^_>Jl {J ^ L- < X.lS~\ t 3j- a =-i / a J l T X^aUI L$j )^3i 
j^yjl jPijs mv*/r L&j 1, l 3 a 4_nla1^3-31 3^ 3^>.j <~t 4~>^3_b1 L^jUs iji^J^ * iV i < nJ 1 ( 3 ^ L$-*t3 

. T 3^-aJt £-A (jJpjJ jji>-tjJl 




:2L4jLa4 JSJ ^ I 


MOTION IN THE PRESENCE OF RESISTIVE FORCES : 


i _4 Ci ^ ^_j ^ c j-j_p (_t4^ ( _ 7 ^4jLu^LII aJK-.-vVI L * ‘^3 J j ts~< a Jt<> 

1 J-4> j_uLj ,j^>jSuU Lie. J . 4 _o_ 3 ijJjxr. Ij jjl ^ ^xi_>J i (JNJ (JjLllU jxloli LoLxJ L lI <v 

.»J1 resistive force R 4 -xjU-x s^-is . 3 LX jf >LjL^u 33 S 3 

(__xt_txJi 1 ^jlr. 3-ilaj) 4£jxtHit olji jx all ^ 1 3 . ^li 4_xjtxx :^jxii ^)JlA 4_L<x 1 ^jXJtj ^jx . 4li-1 Js 

JxijxJI i R 4 4 - 1. 4 j, xx ju .(JjLi_u ed^xcoj ^ m ->■ ^J^’ j- 3 ^ 1 l 9y^3 drag) 

R 4-4x3 .Jxj-u^jj 4 JL i .. 1 UL A i u ->J 1 <iSjJ>- 4>Lj>o1 ^voSLc. L 40 IJ R i>L>ol i ^LiM > jl 4x.^_ij J_px 

.4x,^_txJi SjL^-j LJlx. 


(212)) 




wLlj.ttra3j I 


; dn 3$ J/GJL>J wjl_j£ji IjLA 3j-3ju<a 3jj^ A^aj 4x.j_tAiJi l J±£. 3^3J1 j'aJLxs J-< 3-* J J3 

I I Jufcj dJj-^t_jJLi ^<u_u_>J I 4 _Cj_i_u M t_^_t_uLiIu 4_xijL2JU 3^3 <j i -dJ u ajujt 

jLiil CjL-4>t_uu->. .JILq 1 Jl>- 3j_JLudJI aL^htw^LI ^ ^JjLioj g.<b> u 4 Li^Ld-uJl ^1 < u s>-^U 

JlLo 3^.J_3LI 1 ^L-ud^^Ll cLU3j distil i ^_i_a_>J i 4Cj- £-J^->3 J_X3 L_<_uuLuJ <LojL<La 3^3 (_p3>^ *« fl i < U .plj-^jl 

. 3jp2jl 0 JuA iji^u j3LaJ Jd>j) <i f «> ( _ r 3 c!^Ji »1 <^i4 (J->-j 



^jLu ^%.i u^ (c) L^Jtaj<i.^i; jl ic. d^SLil ^ L\-Li^.*^ > (b) 33^3*. o Jaj.a. t ii (a) 15.6 ^SLu 

^Jb ^4_ol iSjh < *^ a ^ ^—£■ y 3^/Ci 11 J,^ j . 3j5vJJ £_>j 4c^—«. nll 


. 0.63 ^1 3^£J! \c.j^u 

Resistive Force Proportional to object speed ^ l^UIj^UjLS^S^S 


4_c^_i_o £_o c. <.<-oL]lu jix. 3^ /_^lc 4 _ajL 3XI 3^3 ^jl LLua^ILfll lit 

43^L*JL 4o^l3_U 3^3 jl jJLa /^C j^juuJI ijS-*3 4j13 ^_u_>JI 

R^bv (2.6) 

, ^UoU>Jt jLs-llJ ^C^O ^ic 4.X A-3 Jw4-3jU C-uIj I? J ^ U>J I 4 c^_lu XJ C-4-t>» 

. v £-& i_^i/U33 b (jt^ r La^-Lxs t oj£ ^m->Jl 13] 

{j i 15.6a t u 1L) \ (jr& L)3 ^ x 11 1' Cy 0 t -l ^ -3- < -* J 3 )1X ^l<g 'bj. l* is* 33 ! 

. ' ^ 1 ^3i£>js>- < 3 um LlC 3 til] jJ < F g <Uj3L>J1 3j3j bl) 4^ajLoll 3j3 ^yJt ^1 c. ^3J3 3a I r »-jJl 
4-taj>-5L«iJJ (—cvjJLt 4>L>oVi i?L>oVI jl j ~ IjJI ot_>u^?l ^ jr 3 ^li]! (jj-si^ (Ji .*^-0 

^F y =mg-bv jl 


.^lj-U ojj 'S3^ LlJ,i i i-Aj^a3jaj 43 jIj 3^3ii <?J^A |<;ui> (jr^- ^3-01 tdJafs Jo.jj(1) 

^_6jJi 3j_3 (_)_uj j 3 t_3^u . LLa oj^il dJwA 3^'^ J j—aXJ jjj tiijlj 3jSJ (^^_4>LlaJi 3^_3il ^-^.<3 
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ISLuUjUlIj ISLutSLdliJjVtejjcll) eLj^uilt 

ijM- Jh^di 


mg - bv = mci = m 


du 

dt 


(3.6) 




rfy/c/; ^ji,... ~JI 

^Lc. ^jL lull SJjIjlU 


>J! liL-i .4_X i al i i '■aj il 3jL_i_ 


5aLi£ _U^jj a4-o^LiLa [ j^a ^jj.. mjVI 
)Cj 1 j l t 1 ti l 1 _3 j^j9 4 a 


dv 

~dt 


= S 


b 

— v 
m 


(4.6) 


^j^Su Ju_S a 4-oUbUu 4jj)L*_xi 1 4J jLjuII *>Ju& { _ r ki ( j -i Uj 
[_)! 4 ‘UUb £->33 U1L>- LlU <Uj_L*_4 j-yC- L$L>- 4JL^_L> 

ciolj UK .g jji> 4JUJI 0 jub iJT 2> ^jl ^rJtj ^jUuj ^-bx)j 4_^^Uii 0^ (J 3 ! cr^ xj— o 

o^a}\ j m u m jj L/JwLlC. \yrtis> £jUu_iJI 7r.. u^3J i^wcVl 4 _)L^j .^jUxuJt 4_a^llLU <U_3J! t 

U 1^ 4-uL^lJ! 4 -Cj. ^ a! 1 ^J 3jK-b ^Uoj 4 K 3 3 i \ Ir. UjKJI <jjj j-« 4_ajUJj 

^y-ic- (_jj) 1 ^ -l> 3I <3 t . 15.6b .uJ lj LK ‘■y A _ 1 m-jl 3 4_^l^_4_aJI 


: /_ y K x~\ . (l — l lvl dt — 0 £-u 3 ^j 3.6 4_UL*-U ^yA 4jjU11 

-5 1 mg-bv t = 0 


4_u 1^ 3 1 4 ^ < n j j 


mg 

b 


: t —0 -Lie. 1 ) —0 /}! cLsj-Ju 4.6 4jjLU ^jJ! XJ <j-C. 


v^(l 
b 


-btlm \ ., /i -//t \ 

<? ) = w / (i-^ ) 


(5.6) 


(jl3 ^^3-t^-c. I t — mfb uLljLj .<JUI 1 ^jla 15.6c 7 ^ j ^ r > ^ 

4j] 4 ^j_*^ Lillj 4_U^^Ua < 3 ^Uj -<Lul^jJi i^" c ’j~ LM Cy* 63.2% (~ 1- 1 Ic) {JJ 1\ l(J u-^ 3 3^ii 

4.6 4JjjL*_ 1! 5.6 (jl {yA jlKlUI » , u = 0.632 - 33 ..^ 5.6 4 jjU»i,i t= x 

= d (mg mg __ hllm \ = _/ng £ e ~b</m = -fo/« 

dt dt\ b b i b dt 

J_>Ji 5.6 aj^bdi x) dv! dt J j._i.i-« lit i ju^ 4.6 4 JjLj»-U ^^-^.a XI L 

. 4ali^UaJl 4jj>UJj 

CuJJi 3jS ilajdn/ 11.6 JH# 

4^cjU_<i SjJLs I-oj ci. t . c- v Oj^JL) i y-^y< ^.Lsl ^3 {yA 2.00 g 1 g *i l K cl a .3 < n't 

X ^ojJi cLuLj c-^iL-^i . 5.00 Cm/s 4_ul ^} 11 3jKJJ 4x.j_u/ • 4_C.J — LiJI ^_>3 

. 4-jjj^lll 1 $LC-J-LM {jA 90% ^1 l &XC.JJ-U J-^4 





Cjh) 


b J^LJ.1 (jU .!>.= mg/ b ^ 3^21 AjjL^LI! Sx. jl 


>lW! 


mg (2.00 g) (980 cm/s 2 ) 


6 = ^ = 
v, 




5.00 cm/s 

m 2.00 g 


= 392 g/s 

_jjk T Ojlii l*U jj 


= 5.10 x 10 3 i 


A 392 g/s 

jjyJj 3^£Ji ^3>Ui <_jL_xi_>J ^3 4jlj^ 3j£Jt 4 xjjj 5.6 ( _ r LxJU 

t ^3 J^5.6 4JjL*JI! ^ v = 0.9 u t <0.900 v { 

0.900u, = v,0-e~ ,/r ) 

1 


e ,/T = 0.900 


c~' /T = 0.100 


-= ln(0.100) = -2.30 

r 

t = 2.30t = 2.30(5.10 x 10 3 s) = 11.7 x 10~ 3 


= 11.7 ms 

• 3 j-Jt i^> 4-jJufiJ 3^3 JlAJ \g~tC J-t-u j^yJi %90 ^Jj J-UOJ 3^£ll i AXLj-t-U (j 1 I 

3j£21 4_ 4. ■<; j <? 11 0 J3 S t =11 .7mS JlxC CxJj (jt 3 dr> 3-txiJ 3^£ 4_£2^_<-u i _ ;r <4> La : 

< 54_uliL>JL 34 ^jQS ^ I ^1j-<aj| (L> 3 < mJ La-llr. 

.^1 ^ 11.5 cm/s JjLLq cu)J1 ^ 4.50 cm/s 1 2ULvVt 


<01JLt < itJ1 4 _xILc oLx.^-<_uJ dlj-ZZ-U jM. 


Air drag at high speeds 2 lJUJ1 ljLc jmj5\ Jug, 2Lal^l 

i 1 ‘ “ ~^- ^ ^ I <11(1 L 

3^3 jLl3a 2_yi t <31 1 .jiL<u CiVLuJi <?Ju4> ^3.4_C^cxJI £_->j>_a j_/5 Lj^Ju 4_aoLaJJ 3^3 uxt-aLlu t^J[jjmxodl 

. 43^Lt_lL <Lajl_3_U 

R = \DpAv 2 _ ( 6 .6) 

^jic. j)j^r, ^j.3 < «.a ( j r 3 4_<_ul_3.a ^ <<</*-11 ^y^j- <3 -<.^11 4_^L_u_a A 43 p O-p- 

^Lo^.>U : drag coefficient 43 ix.^! J^Ll* <^^3 jUj! LgJ D j ^ oUul 

4^hal>3 jmX. 2.0 <fV> J3 4 ZLc 3 (jSJj 0.5 43LcVl J>alxA 4 j^£L11 

R = 2 DpAv Li)ji J-La at^il 4_ajLLa 3jJL> l^jLla Haj a < » sl^3 <^j ^. < ujk 4__£"j>j>. ^ujJu 1 ic3 

16.6 j3 LiS^ /ys i L> 3 <<ij^o Wl 4al 3 ^ (jl .^Ll! 

3Ujl^ . R V <dA^[ 3II 3^3j Fg = /?2g ^3 4 _u5L>J1 3^3 :^/C<_ljvj 1_L j3Lu « >JI 

*.^3 4jKil 3j^JI jIjlLc (jl3 (^icV j33 3 j3 




( ISLy i LLiJLlij ISLulSL d liJjVI»jjtlI) t\jj r La3\ 


'6 


16,6 JS-d 


^ F = ///£ - | Dp/\ i/ 


(7.6) 


t?l. ., ^ 1 ^ i »uV I Jji L . ^ 

umi vCj ji jl^_' k 7.6 4 JjL_jJLI = nici y*. j-*—<ib 

1 £>} I ^Aj_u ^J Lu-uJ 

( 8 . 6 ) 

l 2 /h ) 

4j£. 1 J_ln 4-j I 4 j3^jc^j s-ilJ J ^ U ^ 4_j_j L^_*J I 4X. I v—i Li-ujv 

IlM-3-J ^yJLlIL) a 4-»jL3JLl 3^_aJl 4_ujl_>Jl 3 j^_ 2 —u 4 _uL^JJ1 

tjr Lc * 8.6 4j jbcil ci —0 £-u 2 ^j ,^j)Lc^lJl 


-(rx- 


v, 


I- 

]j DpA 


'.mg 


(9.6) 


, ^ m >J1 jLfcjl ^ic 4^pl.g \]\ \c.j. i u 11 jLa3i£.l ^ J-a 4j9j>Jt_a jj&A-i 4jjL*il eJJb ^IjJtlu-oL 

dl!j£y (A=:tr 2 oj-> .) A« r 2 4JUJI 0 juk ^ . r < < 1 ..-ii ^c. J^Llc. <ji I 

. Uj^ \J r jjpa I . ( V = ^Jt r Sj£JI ^ <-. * 1 »l-u3 4 1"S 1 1 (j^) m oc *" 


'“" j** -» *»* ** ,,,tt a ^<i«^u,^i 1.6jja^i 

q*3jJLXLuX\ a 11 4_>. L-U 4 

Object (Kg)aiiS}i (m 2 ) u t (m/s) 


Sky diver 75 

0.70 

60 

Baseball (radius 3.7 cm) 0.145 

4.2 X 10~ 3 

43 

Golf ball (radius 2.1 cm) 0.046 

1.4 x 10- 3 

44 

Hailstone (radius 0.50 cm) 4.8 x 10^ 4 

7.9 x 10“ 3 

14 

Raindrop (radius 0.20 cm) 3.4 X 10° 

1.3 X IQ' 5 

9.0 




jLJVI 


l_>^ 


12.6 

^a.33 i^Jj^JI 4_^jJ (j7 3 3J-xlu ^ Llo^^a Li La jJ9j B^jLLs (2>>3 yn a 3 4_>JjILa 


(_r^ LT-^i U^ r J-*P cr^ 


. Oj_^1jLJi - ^"ta ) 


4_uj>l_>JI 3^Js 1 


4_c^_<_u L 4 ] 3j3>LiaJl ^jL>- 4->Jj.,3 4 I I 3^Li^ Jjl -Lui 

4^ajl_3^a 3^Js IJ^u t <LCj_<_u jijjj UsjJii , <?L>o 1 ^ C .jLx xih 4 < H 

jljjj 1 ^3c^-u-u ^LiJL^ L^jLtaij q-a (J133 ^y-UiI ^J! 4_^5cHll 3 j_ 3J! ^jui>. 1 ^lr. ^>33Lull 

4_u 3L>JI g.1 II 4-^aji 3 x 3^3 /JjL*_3jj 4_jZ.j,_^u_i lLi i^3 L^jI lLU3 ) J^4J 

4x.^_<-uJ! ^Jl L^i^-uoj Julj La 4-La^3 i jJlC. . 4_xj 1 ^JtJi 4_C.^_oJ! ^J! ^L^jj Ij.. a t<~> ^jLu-aliJl 4JL>Ji 0*\Jb 


<S) 



ijULuiaJj ASjjeJI ■ j., \l,„ti J.V/itl 


(m) 


4_j 2£JI 3^.3,! 1 ^j^Su . oJ. 2> i (.\^j\ 4oa ai 3 >o jijjJ ^Lllbj ?r" ai ^jJLj 4_uL$Jji 

Uu 3j_Ju Joj i ^J1 4 -C.J-LJJ qLH3 1 Lft . 4 _£.j__i_uJ1 x?Loo! ^<**\.c oLooi ^^3 u^C."^ 4_$otIL4 tjVl (^jl ^."ill 

3^.3 t-A JjLt-Tu {jr^-^ 4_xjjL 3JI 3^jh ^j! <jiJj ^-r^J-^dS (J-^ Cj! jLJ! ^..1 c 4o5^L_3jl 3j2a ^j! (jr jju 

t j h >3 ^_2_5> jl 3.3 r S j Jo j) i ^ U_) uLUj LgJ Lijy oj-xjul^o 4_uL#j 4_Cj_^ i,n "ij 4a_bL>Jl 

j^j J_l_S Joj^xIi O-LaLJi JU9 <J3^3 Lojj LJL^j 4_?l3jV *L^o_3Ji Jo.^J 4_C.^__c«Jl 4o- X--a jjL 


i-Lal Ju yl. t 's\ 311 J)l 


■Jl . O^ x^ljLJt ^" x.3 Jjoe_xiJ ^tc.^ Vl xTi 3 H (J-^J 4_l5 ^ 

(4_2l£. 4c^uU ^JjLi-uV iJs^_L^JS (jr 3 j^cILjjJ I^_psb21 ^J^oLo- L-«aIjj 


13.6 JO- 

(jj J 4ior*-^Lll ijr Ll J^u-jlj L^jt j>o» 1 . 4_i-u^oo 4_3^1_c. 4x.^_<_uJl ^-Lc. 4^s^l_ill 3^-3Jl JsLgl^. 1 

JloJ ! ^J 4 3oJ » 4_ui 1 4 J ! I 4 "tC-y-i a ^yu L-i-3^ 4 1^-2, i <34 l—^__4_u^J I 4.1 i. u I t_u Jfi3 I 3. t u 1 ^a_U . iO I L.t u 1 

oJJt ^J-t-o3 ^LrJbo y \ -.s\ 4 <3Lo'G . f .\1 L^Ldj-JL-lx! JUT. 3^ ^ ,a\\ ^_jLj_j 2.6 

^-4 di L^r-Jx/jjI JLlC . 1 .64g ^_j_<j^wxa 4 1“ ^ . Cy—UL J 4_C^_j^jJ 4_j_iL_^jJ 1 4_il^—uajl (jy-Jj djL^c_<_u^Jl 

4uqjL3JI 3^_3JI ij\J L_wxjvl . L _ r ^L>a'2l 4_^jv^j! 4 _jvL_«_xs 4_aL^-sL^ 1 

♦ djL^_x_o^Jl Joj^jl f Cl 4 £.j_u/j I 4 J ^> 3 ^J S 

, X'iC, 43Lb JJ4^j5t3j! 4__ujl_>Jl 3^.3 j_>3 4_a al_3jl 3j_3 JiLuu 4_uL^l!l 4_Cj_^_uJl die. ! 

L4>jS J_3^o 4_xijL3_xa 3 yn ) Jo- i^Jt ^313 j 4_JI_^JJI 4x-^_uJ I 

1.64 g 


R = mg = 


(9.80 m/s“) = 0.016 1 N 


, 1000 g/kg 

-1 JO 0.0322N L&ji jJIa 4_ojI_3vO 3^jij 1 4^ <3 


AJ JOl 


jl3 


Jo_>Ji .4x.j-5-oJI LjjJo L-LinLuj ^ 4^5jL3ll 3^3il <ji ^ I i x^ j33 4 XI /O Uoo- CX < » J1 43^LaJ1 (j I a-jJoIj 

LZlH I J_J) .4_c^_i_*Ji ^_Jj_> 3 j A_4 UujjLuJ 4oajL3JU 3j_3Ji ^jl ^1 4 ojUJ! 4-O.jjJI 4j|j J^-4^ (j7 jjscjX\ 

cLJL^JJI 4_c.^_ujl £_}^>sj 4>a aL3jl 3^3Jl 43 ^LjlI1 ^<u-u^_i tiJJjj 17.6b ^jlo !j 






i— >1 j kill I (Jwidti 




7-Lu yJt £jU_u 3J! (j! C-^-L->. . 4_c^-u-uJi j j > u u i ijr £> c_. / -i_<-u j u I—< - uIli 1 .£^u3jJU yi.*~i <—« i-t u") i : oLx.<^Jl 

^_3j3 4. j.K.11 oy 3J 1 uLulxj I Jl_u 4_ Sy >al_ujJ 4., UjJt ^I ^jLs 3 jjJ_U ^^ 31! j—t3<LuA 

. i 

4x,^i_ail \ 4_<_uljJkJ 4. iLbcJj 1 4_3j^-kx)l_i ^ <a-> i.l>Lo LuoU> l_f3 

ISL-yaLu jJi j_j< 3 (J^LxULi 4_ulj Axyylo dJSyJua J_lS 4_oj^_LJ 1 oJufc jl **-Vi vL ^>-j.\i uj LlCJ . dJ^xtjJU 

^ jU*_3_laU lULs < n a II ljLA tjr B A_*_> 4_Sj> ]1 Luol 4>t jJb^- 3 Lul *“ * J '**•) 

. ^4^^r"U CjLj*£.11 4.^1 x 11 

! £jUuj ^ let *j ^_>UJ! x 4_iiS Oyk j_uG O_>o /?? 43 -!lLS ^ u-y Ijl 


!<uy 

A-> ~ 4 „L 4^5Li^lJj jJl 4j f L^Jj 4-jliJ.^-lJ i 4^UI LuLb ^LaLx. ijy is\\ . Cl F/fll 4_B^L±JL 

'. 4_l! LoJ i 4_3 j^-Uj S 

. ^F 4_dSJ ! 3 ^3J 1 t i _ r Lc ysyi { ^j1 1 (^ 1 <JS ^-c ^ - 1 (1) 

.ci = ^F//?i 43}UJ! UU3^ ^jLu-uuil <_ sLx-ojvJ 3^3JI ^jla ^jAtiu_L!! (2) 

. (iX)l dt — Cl 43^ljtii i^yA 4x. j. j. tijI t — )l-tn.~><J ^^Lu_uaJ! \jJt> ^JL^tUx-ol (3) 

.clx/ dt — tj 4_9}Uj 1 LiUji^ l_>L<_u->J 4_c.^_i_uJi £>ju& ^.ss*-~u ul (4) 

. 4_3j^-IoJ i r'«AA ^u^yi 

4-lL.L>JU \ i 15.6^1x4 

£>, 1 V"<< ol - 18.6 J£rJb ^L^syA y£t> US' *4 _u 3L>J! &y£ J-U^ CA>o < In 2 *m~) C>y± L y 3 yL$\ 

. ^<u iXaei 1 4x,^_i-aJ \y ^jUuji! (__iUaj>J 4_Axbt3JI 4_3j^-UJi 

(jjiij Fg Uj 1 J> 3 ^ ±J)S 4-ujUJI 3^^ (jr Jb ~>J1 (jjbz. X 3^_3_li 

uij-ua Jj-oU- ^iM >Ji /jt-U 3^3j_U 3 j 311 ^jLuj (Jyiyy U>jU jUals .3^JL!i 4L ^>-*—4 O^^Ji 

*^y c^^v^-ll i?L>oVt y&> ^L>u^l jUixL) .^jUaXJi 4J3SJI 

F g = ma y = ~ m S 

dVy/ dt~a y jji o.L%j culj (j\ C; UjuUj = ~g jU !aSU 

:^ix J^slSuJI a l^wb . dv y / dt = -g <>L 

V f )=z ' u yi'-? r 

>-U ^.i^.->Jl ^ 1 ^ 0 J —A L_7-lx. cij—>41 . D y = dy/dt llu->- 

: 4-5j^_*_U 4j^-.j" i 11 ^ U.«. J &yjs ^J-^lSuil 

y(0 = y, + V - 2 ^ 2 


Q 


Mg 


•0=0 


j<u.ujcU j y- 


18.6 JSLZ 




(2u>tl^t ISL^UiJklti SLutSUi 


^ ^laj £_3i^J 1 ^3 ijS^ • 2^-uu^ 4__ALj»j_3 C1 jVL>J ^JLjj-Ls (j ^3 Lo LJLc 4 _l I i. L x_3J 1 

Ji.uui ^i-C. ^Ljj-AiiJi ^jLa ^j-i-ujJlj ^jJi U>IL 11 4j-olitJj Lit ^hl -*-"ill <J->J 1 CjL'-jfi *-> LJLc 

J _>3 j>. j t ~i?) 3 ^_dJl C_ul^ Ijj j\ I 11 ->J 1 ^.Uo ^-A (jr^ Ji-a-aJU | 0 m. **ll 3 ^_aJi Cul^ 

. jlx. jl ( _ 7 Js 4^>Ji jSlc. ^ILu <La$mi 3 ^ 3 JI 4 _ 1 L>. ^3 ;JL_>J i ^ L^ 4cj-4_u_}I 

3jl i C i <^ > ^Xl 14_c^_<_uJl c^^Li_u_ui Jga. \j3 jJs 4_ l^v t~» .^ i—!LiiS> 

J^Lali t 4 %Lual 3111 Cj^JLjlU . 4j^j,->J 1 Cj^jLa-U V-Aj 4_ J < . <-> 1—3-3 CjV.)Ls- 4 ^j-C. 

. cbj_ui]l ^3 1$Xlxa e_JlL> L^LTuV 4_i-->L>J! 


4_j J J_jJI 4_ 


1-1_lie £-1_*3_L*J 1 (iJjtJ_i_uJ tULi^l->Ji £ j- 


_Lu 


^_<-uL A ^ 4 —*-tiXI Euler j_L! 4_3 ;^l-> jjk ^I.lL^o i_Ls_4_u_>! . 4_£^__>«JI 4 m I j jJ Numerical Modeling 

.(1707- 1783) jJji oU^I <JU 

Euler Method 

? 

3jLj jl SI r.L i, t .<<uS!i oLfl-juLII c_jj>_33 <4 ^ L >> 13 311 CjVjLjlII jJ^>J j-Lj! 

: 4^}LlJL 4_c.j,L^i3 jljuLoj ~>J 1 4 (jA-i 43^LtJI I At L ^ - * 1 ^ 

At; u(/ + Ar)-t>(0 

a{t )« — =- 

A/ A/ 

!)(/) 4-C.^-i^ J l £->a LujJIj 4_j ol mTua At 4jJ-oJ>J 1 3^" ^ 11 4 _jL$j ^3 \)(t+At) ^-u_>dl <Lc.jujj J-iJ^C- 

. At 4_i_LcjJi Ljj \j-^j=> 3jm- 3JI iJJoi *Lui ^-jLxull jljLoi 4-3 LuoVL> 4olojJi Jjf 

v{t + At) = v(t) + a(t)Al (10.6) 

A t 4 j i a j J1 3j-Iii]! CxjL^La tjl a .3 a L>3^ < U(/+A^) jljLdJH ^_3 4jlj < <u i t (j* ^ 

4 J 4 UI (jt3 ^—lLJL , ijL>. \j-jlJuuo S^JLaJI eiilj c.Lul ^jL-ullt ^3 0>ptJ 4 _j^L£ 4jvjJ4 '^_j- 3*~ u - > 

.La ^jL^ui 0 ^ u tit Lu; 0 ^ 10 - 6 

:4jj^JiiJ| 0 „ai 1 At Squill 4jl^j X (/+ At) ^<n»>JI 


v{t)- 


Ax x(t + At)-x(t) 


( 11 . 6 ) 


At At 

x(t + At) ~ x{t) + v(t)At 

4 Lll l 4jjL»J.I j-o 4jl i.iTi t _ 7 SJ 4_a- 1 ~}11 iJJt (- Cl (At )^ JoJI AA\^>\ J_J-> X3 

(^1 (Jj_P (A/)^ (jl I JL>- At (j^l jJjI <LajjJa JL^-Ijjj V .X^ll I J- 4 " 

/ 

/+ A/ jLtiL ^WLua-a-U 4_C^cuil ul"^ ^ j^l Julil ^jL-U-3i 0^ 


( 220 ^) 




.aboil 


3j> jL_>b 1 ■ -11j b 31 ^j_a 


,^_ T °> obi < ii bl j jo 


11.6 j 10.6 ^JjLdl l 


^Ic ^3j3 ^1 3jJijl dJu^sti-A i j r a ^jh ii-3l' 3ru*j 0^3 ib ~bLc. joJoj-lIj 4_Cj_cuJt J^q (j'lo-oOJ 

ji 4jjj^_uJlj i£o-b>jJti (JT lc 3j_3JI ojo Jbi*3 jbj ^ <xo-Jl 

a( X ,v, ,)- 2 nx - V -° ' 12 -« 

m 

jLbwjlj O \ j bob 1 ^<10_Sj-_3_i bL!3j jJjI_(-lxX l ^jos £joJI 1 JO (JXl Jb! jl_5e_j] J^_bt j j r a 

.3.6 <J^Jobl { _ :r 3 btO >ya 4_3_ijJoJl cliio {jr £ oLLa^JI 

[~a-i*r> [a-iu~> obL.i-n-bl 3 <*-C ^aluj 4.*_bj 4_re_3_uo ^_ ;r 3 ^Jjj-bl 3jjo>-j-U oVjbbi <jL>ol ^jSLao 
obl—<.n ~bl 0 JO bj—>•] ijJJ Ju^S ^jXLao . JyajJt Ly~^ 4J1>0^ ^jl . t ti.31t j ^ t^ j-ltj t <tI \ \ —il__<_u —>%} bUjj 
4ojb>o 4-01 4-C^-cJa=-4 ^1 ^1 jbr 3 j_uLi j! b)tj3jj_3_H jl C++ jt b^oo-Il 4_*J £_abjo jb: 3 < .<b 

oljobt JowL) ^jjobb 3Jx.li.u-4 j 43 J jo£l £obj jr^" O^ 5 - 3 *^-c^xicOji t__j_toLbt £_a lojtjol; 

4__*olo_l 1 tbj-C. ^j^bo ib+3^^ £boj-U j! £->3 4oJj__t_ul! 4-j-jLa-jJi . 1 Jo>- ay-xjujuz> 4oJuajJt 

. 4£j^bi 


bjbllj ^-jLulTJI (Vo 4ojOj__bt ol_3^b*JI —4—uOaLb I 

fi f 

. Ob Lul-~>yl I -^yJJ 1 -t-U t -Jj5x ) OLS^blJI iJO bl 1 3. . IJ —L 


oJ obi£o_ab_J jJl (jb) jJol 4 __ 3 jj-b jlOu 

j ^-ua^JLl i^jb-uoJl^ 4-jLj>. .<.41 11 


. oLjb^Lbjjl ^X->u 4_u^yb_yVl ^.l-bo-aJl t4ja J 33^ o b -Obj ^! J-itlOV 4rvbw dJlo> 

4_JUo ujL_^- uVj b >^3 *3^, 4-i i ajJi 1 6j.~i 3J 1 Q 5 S 0 LojOl 4_J^ jJjI 4_3j^b (jy ic- jbbioVl 

3jLb-ll bS-^ <3jaj^>JLl ^3 1 oj., 33 10.6 3JjL»i,l ^Lua3 ^ .3 jjJl_5c_« 3jLjj jlJ-3_^ jl_£Io>.! l_o«j 

3 j ,33 H i> JO c-Lol . Oob ^jLuiH H b' JfboO I L^jl-c 4 _l 31 X 4 _>.j Jo 3 j. j * b+^ b' b^° 3 ^' Cr^ 

^uj J3 4-Oob-l^ 3jILaJl ^b jba.lt . l^b. b^^ 1 < ^+! JL ^ 3 4JOcoa 4_j_t_ub.il 4 o _LtajJI 3jooJ! Jo Job b^^+ 

s> 

o_t_iob3 4_o_L<sjJi 3j_3 ujI j 1 3. +_i La 3jLc. 4o.La.bt 4_j_oLjJt ^yi 4jl_b bib <4_^joJl abjl ^jjoju 



3.6 Jjo*. 



jOjil 

4_CjouJ! 

^jLubUl 

0 

? 0 

X Q 

^0 

« 0 =F(x 0 ,1) 0 , t 0 )lm 

1 

<3 

+ 

II 

X| =Xq +UqA? 

u j =Hq +a Q A/ 

aj =F(x j ,U[, fj)/m 

2 

^2 — */j + A/ 

X 2 =jc ( + DjA? 

d 2 =Uj + ajA/ 

a 2 =F(x 2 ,d 2 , f 2 )/m 

3 

/ 3 =/ 2 + 

^ 3 =x 2 + UoA/ 

1)3 =u 2 + « 2 ^ r 

a 3 =F{Xt > ,aj 3 , ; 3 )/m 

n 

{ n 

x n 

n 

a n 



tSLaLuJtftj LSLulSLtt c-UJ-uaJi 

g^Luil 4 bj <L_La^Jl oj>. "i^ H Jj . CjLL_u^J 1 (JAL- ^uf-.iLll ( _y,4U5.i ^LAo-Li^ 4.LI _OjVI Jojs^_mJ1 

^1 jItcLJI 4_B ^—*—a tjJJu j-Li 4—4 j^_Lj (j^Ss AJ$ jJ' Ja w i__>J —i_uil ^^-iJ J^>Ji »j) ml 3 

j-juaJb ! 4 __lLgj ol^. ~i Aj oLL_u_>J I jl^pj ^Jt ^£4Ju_*Jl ;J_>J 1 ^3 4_B jJI Jj..L>j J^-L ^£JL_>.1 . i^-~JI 

jjl <jr£>) ~ ^ ~i Ljl LLiSLu 4 jL_B 4jj L til ^Lbj^I ^va ^_*_>a JJutj CjLL^_>J I t - 4. a A~i 1 La LI . jjLljl AjjiiLsj 

. Ab jJI oJJb ^Ji 4^fc.j rr .^PLill 


SUMMARY 


j^Lo (jl 4 A L~< 1 A 4j^jijl ALo- ^B ^_U_aJV ^L. ^LJI (jj_>LB IJ 

^£jL_uj <-^.t-uT^-J ^xt-uj>JI 


2 F r= ma , = 


mv 


( 1 . 6 ) 


o jp3 JLg J>L^11 ^j L Ai 3j-4.Il 1 $ j.4 ^ L «~i oVL>Jl jjL 4 * i ^11 oJ ufc ^1,1 V ~i < A < y l K <n 

AjjjL 4£j->- edj^tlu L jAc. . AjBjjc. C 3jB ,^\ LtLuu JuLl! 3 jB tpJL Lv Vl 3^B i4_ujL>Jl 

^Uao- AIL- i _ T B . Aj j..d no J. J..C. 4-l.i ;fU>a 4 -Lj-jQ^ j_^_i A$-^pOa £jL_uj 4_l£j^o 4J 4 

JM zj->- 4__bLu3^L Lu-TlU 4 j. u)L 4_L^_xa (J7 _Lulj 4__u 4 L_>J I 3j_B jjLb t4 _j_i_o Ij Ajj^jL ^yB jj Ju 

AsyjljJl 4L^LLI Li x.rjIj 4X-j_t_oJI jljLLaj i>L>ol ^jLaliil 4-L^a 

. 4 <4 L~ii 1 1 ^_lc 

JaXi 4 a ) i£$ ^ 11 JLjj ^^jL_uILc) iS^3 lu2i ^ bL-^o| jL>] JuiLtL^a 

Cjr B 4 £”^_j>JI lLdo ^jLb 4BJU 4 si' ^ \jJ33^\ cJJt L] . jLLVl Ijub ljr B ^jllll -j^ jLb 

^jILI ^)l Jl-AL L U liJJj » ^jyj-r\ B bLu-uI jlLI iJT B J_^LLj 4_j J_xj LX U-^Lu Lj3 -<^4 i - T . jiM 
ji-L! (J/U J j 4.r«tl (J^- 3jJua] 1 dLJu O 1 .4_^J__>J| uL_luU 4_3j^_»^Q ^B (j'uA-iLj V jLL^jVI 

bLujVI jLL] (^yB ^bVI 5j_AJI ^Jlc t— B^t_J1^ Ljj) ■ ^ All Lj_9 t<~t <7 \ \ bLc^^I 

3j_5Ji />Jl4> . 4x-j_<-uJI Cr^- 4L qJ lau <Ua^L_>a 4 -jIb jLL jl ^JjL-o U^L- ^^i >. Ljllc. 

CjLLuoj (JSLl/ ^lr. 4 _ajL 2J»I jljL-o Ju4a xj - 4r.j. , nil jljjj La 3 bL 4^j_>JI oLol 4LJ-V) (jp-IIj 

£-A 4_AjL_ll 5^-B ^ ol.x nV) L JutiZ. i^4_u_>. lLj) n ; a! 4 _uL^J AIL>. ^^B . 4j}i_>. ^ , f i>jl ^All lL t I 

jjjlz, liLjJ o' 4-'—^ LU.,l.^ . A-LL^JLJt 4—c^— loJI ^JI ^_u_>JI 4_c.j^_<_o t^u<-u. -> Ji Ljj 

^ I -L r ~ t < » I ^Jl O.B .4 _>:jLALI ^j) A11 j_-uL3 Cjkj ^L u >■ VI 4^_>- jLbtILl ^wl jL r- \ , < >1 

.<il^JI A/ajLLc ( ^ t b cjo^tj LL Ac.j_«_tJI c _ r L JwL-»3 3j_Sjl c-uL L LI ^Jlj) 4_4j^_L> 






(jS) 


QUESTIONS Klurtl 


t^ L 


-uJ I ft I l 4j V 3-> uiU 3 ^ ai 3 Li 

.4^Ui 

■ -«-<-) L_i2_L^jl ~6 

♦ ^jL-uJ ^)J3 3-=t_j ^3^-cX 

1 11 \ bj ’3T I A ^<\ i >i-~^- ^bu—3 <—£ i^T>^ t 7 

(a) ^)i—CXiJjJi <J^L> jb dJU ^3 J jjLj 

. 4_C^_oJJ (b) 4 £_j_ lj jJ! ^.b. L3 ^q-C 

4iVx> All ^3 J^_^3 4^>. ^ 3 ! -9 

(jt ^o^ILsl l^ta^uk jlIc. . L^x-jL-oj^ 

3bj^ Qjsr r^I'l i _ jr ic. j3jp Lt-^^ 4_cjUa_U 

. 4xj_*_uJI ibb^-i 

i Qj jo.4 y 3^.. a *—ua Ac 3 ^_Ll3 ' 1 .31 — 10 

PfU jjjl—3 . * 1 —t '<r\ a J! ( _ 7 B (jl In 3 1 <u 3 j_j— j_£ 

1 ■ - q 4 ^ 'J; b -uj 4 —4_j_u_>-i ^4—uL^ 21 1 4 ; ^ a ■■'-f-J — 

. ^Lul^ill 4X^_<_aJl ^Jl (j^LuaJ LcJuX 


Jjjjj Jj-^ JJ-U (_^jVI 0 ! -1 

LA3LLlu 1 jUo! (j£ 5-11 i-u-Ii "V- lAJjb 

3jA pg o^^y "‘ 'i£)3 ,,urt h y j c - 

y-^ 1 - ^ <- « - > J ^^jkLAJI O^ bA 4 <j Ln7i la 

Al^u-uVl iAo* jJx 4 _lC £j\ i to 311 Ju-C. 

. c 1 <. Lx>- \ ic. ^ * _ ut > 13\JL ^- u i ^i 2 

Jj L_/sJl_x cl *s\ AI ( J_:vj j> x <~uj bU. “3 
^IjuuL 1 lJT ^ 

33 ijL j_i_uJI cjI^UoL J^JLaJI ^ toil 1 3 IX —4 

S4x^_a-uJ j-uuJ LoJLX c .3.1_>J I ^J] 


4jL^_> Ci fut a (J^-33 ^.d\ dJL-uXj <_il_j i jjjxj “5 

3^13 ^3 I j^3 JjJLlC.^ i_3^Id 

J—*—3^-LxJl ciL^u.x^ \ j 4 j 3.3 i 

SbU.^j^o^ lij JokL^jjA 


JPEOIBLEMS pp r****** 




. J_2i^J,l ^3 J>al£ (J^»21 - | | 14 ln.«.o^ILq 1 3^3LI_i_c — 3 4 2 il 

http:// www. sanunderscollege. com/ physics/J^>Jl = WEB 
4 _JxL3j <: JlLJLl !^y>. ^3 Jwi3>5 c_-»_i_uL>Jl = E 

fl jieio/b /iuij ^Ijjl = P] 


. 4.0 m/s 2_c.j-<^j J-X- SXjJLx aJj-^o 

(J_j_3- ij-a j _>Jl i_ajJaJI m<~i I_a.U £. 

j _ a j _^.vt * y t-'Hj 


v _ y Lc ^LjJt aJj_u 1.6 u>..fl 

i4 1 <f,l I 


.< I M -w . _«. 

0.800 m La jUs 

^1 3^_3JI <_. 1 «n.l ( 3 ) . Js 4 .^.3 1 Lkj^j_« 

tfjjk (j^J (jj^ (b) . 1-4-LC.Ijj Wj 

'^J33 *5^ 

4>j!jLa>i (J-^j 4_t3 jLu (jl cJi_uL>. | 3 


14_ _ c _ l^~ ^ 


uJ ^4.i t! j 4_ij^x djj 


43l_i^>Q j ^jjb jl x; i'r\ a ^£> 4ixb 3 j^3 

4 —cj. ,*}\ ^ La (a) 25.0 s ^ (200 m 

4_Jj_*J1 4l ~i P Cujlb I 3 ] (b) » 4 to .1. 


dal a 4_^oj5XJl 3j_ill jlJ.di xa Lxs . 1.5 kg 

. 3 l—Lt n 11 






jLcuJj 1 La (b) (j-u-A-i 

O'-'LP 

30.0 cm juu L7 Ll 5_iiju*_« iU, f . jJjJj [9] 

LajJx. 3 j1jJ 4 j 33 i 4 

^3 3^-3Jl j_u^>3 La (a) 50.0 cm/s l^ 3 r 

4-L<»—*Ji {j^SL 1—a J_Lc j U 3 11 <, a t^t i <51 :>ul 

J^iL^a jljJLa La (b) 4-t^Laii 4i milLi <li^Li-u 

.<ju*Jl\ 3 4_LuJl Crv {J) ZLu \^jy\ eillSL_>-Vi 
jj-a 4 la j...» i ^LaJ 3 jLj ,<uJ al jVI L y J \ j 3 a —10 

C.«-i— “v . 3jLx_u^j 4_3J^—a L^£j^>o 

jUa a ^3 t>^ L u_uJ I jj 4^.^4 _u si ^pjLa-t 

c-j l. U /LLa-j . c_3L>. ^^JLfs! ^rLui ^Ir. 

m i t l Ll3uI a < < L > j {S^ 3 a - * ^ ^ f~_jL .- »i -til 

j->J 1 Jaj).3«iill CjI L Lun <S jj^wuL^I 

aijVi i _ r ic. J-) Jj 4,0. A a j j^Ji . g 

. SjLi-cJJ j)jl t.rJI ^ LL> ij oljLLsVI 4JL>- l ^ r & 

J-uoj (jl 1— 4 <*\ a_ > GTS 3jl —j— uJ\ 

1—a61.0 m L &j. U 4 << 1^1 jjljjj 3^3 b 
.86.5 m/s ZjL.x ^J 1 4 _^>_^ 

£jL* 3JJ 4^_3 /<J7 i ,0.41 

( 3 JJ_LuO > L u j ^3 -U5J a jjixaJ ^>a3_ii2—S US 

( __ 7 3 3jl _j j ^11 1 . jJjL 3jL < i/ 

<j-a ^ br - U jL-Iail ^j^La-i jJUtia lC. 

ol_£ I3j . 35.0 m *. ti i 3^31 j 

^^>3 ail Crv dil£L_>.Vi /J^jL_*_a 

^_J_^_aJ 4_C^_j_uJ 1 Lq 0.600 jJi) 3jLy.JlJ 

♦ a a JS 0,3*^ 3^1 j i iL 1 L^j 

4jIju ijr B .Jxj _Ul 4__j_^i_j 3 jLj t a ijS j. pc. "" —12 

4^^ ^,3 JULLI 4_p^L ^ 

.P 12.6 ^jSLiiL La^ 4_al^7La 4-Cj.uu 4_j^jij 

235 m ABC ^_3J! J^lo lij 

La (a) .36.0 s aL<^- >V1 3jl \ ^i.ll 3~j 

B Jxl c . 3j l J , « , (2 1 L La jJ^l. Lt-u,J1 4..a— l 4 
cL -il —>.1 j —j— c. 35 4_j^lj ^_i_uaj 


(b) 


* J ‘ I 3 




5JV^ 


ISLaLu^Jfj LSLulSLdt ij ^VI tjstl I) 

4_L—^ cJccujj . ^ L ^ t \ {ji ^J_j— s 25.0 kg 
4.Li^_La ^Ic jjJlJI] jJ-i—^L 3kg Lkjij—3—a 

1 La i ^ ^ i 3j _jlj ( _ r 3 al— utLLa 4—j— 3_Si 

4 uuJI —a 1—a .0.80 1T1 

^..L» a (j (jl J^3 4_LiS2i L$j 

3jjJ Bohr —4 

Lj>^3 2.20 X 10 6 m/s ojj-ZJy I 
.35IV1 (jr^ r - —3Ji (a) ; 

£>jA v a <<-> i jl A -a ( _ r 3 4_jijJ^ jL r . 

cj l ... 'l l (b) 3 0.53 x I0 ' 10 m 

4_irvL 4 j^iU.Ij 5LI 

i^CjLa-i O^LseJua JLvl^ ^■ L . ISL l^uJI ^,3 — 5 

( 2 . 0 u 4jjLJ1 4 —j_L— 

4_c^ 1 c ]ys 10 % J^Lju^ 4_ol_4lJl 4_^Lj. ,^11 
jL_cu-a l=7 3 4_jijjJ aLul cdJj^ aj -Lili 

Jjo-J .0.48 m Qj L 4 c La 1 

La t^ < muIoL-L a ^jL?c-a 4 Ln.ol^J jL<- n _a 

.cliJjJ 4aj5Lll 3^3Ji ji J_3_a 

jl J—a {JT Si 300 Kg 4 _OJlL£ (jy _C.Lcaa> J a 4 Jjju -6 

^ L>^j^ L^jbb 

jJLL a ^_Loj!^ i 2a-aaj—3_a 

(b) j. .a^ili 4 _jjIjl 1I 4^.^_aoil (a) (6.6 

. 4jlr. 3^3JI I 4 _u3LkJ 1 3^ (c) . 4J (_y*j 
^li^jl 4.1a_3 m ^3 ai ts-i 3!1 5L-V-J LaJut^: —7 

*.\ 4 till—Ltk q\S j a fill ^Lluoj (jrb 

_ 3 — si . j a— 3JI ,Jj—>- <±J13 

^ 100 km _33jl jIj_U 

^— 4 _aJi 4l3 *} O >L£ 13] *^-a—<aJI —uu 

. 1.7 x 10 6 m «jlal (Ji^ 2 ij 7.4 x 10 22 kg 
aL*3a 3li (a) uui ~>>1 

.3jJwLH (c) 4jjijJ.i t £i£-j-t-u (b) 

^3 ^i—SjJi c-4j>.. 3 c. 4_4 Lj _(_u O-lL^ 131 - 8 

L« (a) 1.75 x 10 " 3 m/s ^ 5 _cLo; 

ii-jJ! 1 _J J a. c (j-ulj 4—C.J_u.- 


(m) 



(“) 


^3-2 3u>Jluiii 4S^sJ! i^^UJi 

VVKit 


^j.j r. (85.0 kg <cdiiSj ^ij^io J^L^j 

u- 2 ^. ^4_j_j_siuj 4_jJSju3 ^.;UJL lj—£i 
4_^3__>.j 1 '2 i jjx. 10.0 m L^JaJo 

^J_*j ^2 . 8.0 m/s (jr A (L_^L<u *LU 

£. loa jl 4-. 33 1 o_ « {jLi 

cUijJi <u£U3 J* . iOOON ^ 

S^LsL j-$Ul ;^c 

(■ n.LSZ i ^ 2 j9l (^53 J>_x2—UO '16 

s .^.u - J (a) .4.0 m/s 4 jbl 3 12.0m 

^-5 J ,£j 1 (<ti 1 jl ( 0 ) 4j 1 _£ .} 1 y ^L-AAujJl 

4_c^—i-uj j). jji ^ ic. 

. 1.20 m/s 2 Jj _ —j*L lo-tjLj 3 jj^_Ll^Q 

0 -->o (LaLj>o1 ^ JljL-j—^J £ 3 !— ‘-*‘—21 i_ l.-i.il->~ 1 

. u_Sj^ibJI &J-& 

4_>-^_>.j! 40.0 kg 4_ils_.^ J 2 L> ^ul_^j —17 

.3.0m L-c_ 4 -l>a J£ J 3 I 0 (2^-4 4 _c_c.j—q 

XuC. 4L* t b„ J£ ^5 J_*U1 ^1_< 1 jl 

JiLJl 4 x.^lu (a) <.1 .350 N 4 .Io 7±i 

\ - jSl -oil (b) 4_Lxj_J /_y-}jl j 2 x. 

J^_& J ll *>Ju5> JUX. j2ioJi ^ic J^aJLII 

.(juuHl 41~ ^ 

4-q_£,Jl-« ^9 m 4JLti£ J 2 ^aLx_j —18 

jlAII <jL£ 1 jl. R 1_4 $'i a J£ ,J 3 I 0 (jOL^Juuj 

T 3 Jt> 4 .K j } i J-_ix. 4 1 iu 1 mi J_£^ L;r _j 
4jo,ii..i ^_Ol jJ-C J 2 tni 1 4_c. j—uu (a) (_I 


(j2io.ll Jlju2_U L^j (j4^^ 3^2J! (b) 

. ( JmiLl. 1 4Jb£ Jxufcl^ 4 I 0 jjjl i? JuS J-lC 
L^jJsxS ^1^1 4_t_*^I^ SjJilj (J7^ ^bo ^J3 

4_4^ jJ_C jJ JlU t _ ;r 4> 1_4 . 1.0 HI 

.^.li.1 uCui i jr L> ' 4j2l jJl 


^^)_slj ^Lcal> 5 4.0kg 4_Jj^ ^aJSw -20 
4 _“ ^.j—lm c_t-iL^ 1 jl 0.5 m 4_Jio Jj_^_i } 
jLl-2 4 l —4 . j^JsljJ! 4—4- ^ jjlc. 4.0m/s 

. j^iljJl 4_^ j.. ic . J_ij>Jl j_tiJl 


> l^i..i u y — 1 —4 ( C ) 0 L 


4_ C. ) 




. aj", A \ 1 dJij 4U3I L^r.jL-aj 




80.0 kg 


l ^ . 1 1 1 ^ 4 J 1 & 1 * 

10.0 m 4j^L>. 

JS! — tij ^— t-tJjJl ^-a 0 — 5.0 4_jjlj £_-L-UOJ^ 
4^^113 4 ._ia«»lVl 4 _l£jII (a) t .,,.^1 (P 13.6 

(jr Lc oILu 11 1—^ 3 —nil 4 i—nul^Jt 

^Jl^. ^ \ in 4 i n ] 11 ^jl—i_u—ill ( 6 ) JjjLLjl 

.(JjjlLJI aJLnij 


13 



P 13.6 JSLi 

t-~lT 'ill >-uh iUpijLil 2.6 (ft u* ^ 

[ >11 ^ I A “_m.n ^3 6 > 3ji-t- 1 u \ L I tU - 14 


J9 


L>^ 


_ 2 l 4.0 m/s 


I 1 .0 Lfc^io-S <■ .gj^Li j^-jl J) i yji ^j-U^aS) ^>jLa "i £.1 

3 jL_i__uui a>L^J 1 (jjjJi j-A L -4 (a) m 
(J3^j LqJuUI 3jI a.a all qmL>^ 600 N 


1 ^ t lr. 2)3^3 (jl lil—« ^4. 4. 211 

3 j_j-cuJ1 ^ILjv 4^ all ^ ic. ^4*3 BjLt«.«H 

^— <PJ3 U>^ *-iiO UJ^ (*' J —‘-‘bj 



ISLulSUt! 



P22.6 JSJm 

(i^jL 1>.)) 4xj i i ( i ! <4jlai ^ ASjjJt 3.6 («i ^ 

1 2.0s 4jLalk £jj_5 (J-aa>JI 4_>-j_>-jl (J^UJ —23 
o^jVl (^k 45.kg 4..3I-, 5 jAls lit 
^y 3 3.0m J_*j (Ja->JI < 1 .3 a S?l 

(b)j JkLJl £jk-o3 (a) j_S5>J.I 

(c). Jc i nt l ^yic. pp 

/^y£-u t . " i n Vl ijJl£4_>.Vl (J^aLjtX d ^ ! a 

5(3X>j5^ Cy 3 t_j-4_L^JI tliLirtU 4_aj5kll 


(jlj-1-a ^ 4_L^j^_a 5.0kg LajI.I 3 a 4 l~< 5 -24 

(jalLoI ^j-S—at U. .1 ^yic. 4-C.$-u3y-ay j 

e^S-aV! ks>2! . P 24.6 JkjJL, 1 A < 

4-ij-£. jj. U i /j Jajjj-a oO-t!-4J 

4-iJ—*J! 1—ajJj£ 18.0N u U . i j 

I j . 3 i.o jlj_iJ.I SaljJs ojL£ I jl (a) 4 £j-js3La 

—>■! • u ip kj j —*_!1 Oj£~* I a.\'i r 

La 151 (jt^jl! 3 s!^ 2 ( _ y j4 La (b) 4-]j_*JI 4j l ■ .■" 
t . i ji v . 1 (c) 4_a bi~ i a a .~ * ,,, * 4 w . I I t " ^ > 

jik 4_^-3 ^ 4i3SJI (^k j3p ^1 

>bu 4_^j>.j (^j-a LflijL^J 4 j^_*JI ^ JUl>L2i_a 

.S^Li-CuJt ^^L>. 1 ^ 1 , I,a 1 r^, ^ 


oyiXLZ jl m « * ijy^ <-jj_ c -21 

4L^_« ^ 500kg L^Lis P21.6 

ciuL^ til (a) (p21.6 J£_i) ^LS^JL 4_J£ 

A 4_LaJi_iJ! jJr. 20.0m/s 4 j^_jJ1 4-XLj—uu 

^J-C. jL_c—x-bi.1 L^j ^3^-j ^^21 3^—3J! 1—a 

L7 -u<aJhi {jr & l_a (b) 4 Ud.x.li oPJb jJ-C 4 _j^_*J1 
^ 33 ^jl Jo^xlo B 4 U > . 3-ij \ jSlC. Aj^jlLI 4x.j_luj 

• (jrk: ^ 


ti 



P2L6 JS^> 

p.^_x.VI 4_3 j jkv. m ^ iAti.1 <L3jjk>* l ^_ r $ —22 

4jVj_) (jr S ! 4 - ^ 1 4JL*_uj! 

— <5 —uoj dll j c_il— *J*$\ J——-Ji 

4^.^.4^L^ (JjaaoI l^Ic (Aji2 
\ V Ju 4_*^i jJ! 3^_Li22 4 _j_<_u1j 

(P22.6 JSLi) 4^ij 05^ 

4—4__aJi JUiLc. 4 _j—^ tU k_3^_Lxli (jr-^- 

Ljr !L^ 4. ,l£i 4_>.j Jlj 4_jJLc. 1 ^ ~jr j—ljj 5 

^l_A3ji Ijl AjUi—tial! ijy^C- Cr^-P 


>ij 40.m 


_^i 


-^L_2II juii (L-lj^-ZS 70m/h) Slm/s.^ 
! 3.0m/s (jy-b* 4.xaJail Jl 1c. 4_c.^»x_uJ! 

1—45 (a) 2g yji jJoLUl ^<; «!i ^jl-4.4L.^xlt^ 

jJik ^jJI 3j.La2J j!=l$ i > jl jJLo 

{_?' * ^ o^^ 1^1 (b) 4—4—3il 

L #-> 3^_3Ji M 

^JjC. <: ^^■^-^ 4_Ll$Jl tfJL-A L- t-<in - 31 1 

4 J > k.^^2,1 ^jl 3 4 I (c) 4 4V. 2Ji 

L^J u-xSjJU cxjL^ 1^1 .20.0m LajJ^ 

La 4^iii wile. 13.0m/s 4x.j-i^Ji o- iia ~* 

3j^.3jl ^Ir. 34^11* Joc £jLxjioJt 

.^_xk>^i! !jua> 4 4j.dJl jSc. 4_}^^4jl!1 





J-2j <-sb—aJl j\j —a—c 1—a <y»jVI ubj^ 

JL-U1 j L °l i A Is\ j. 11 >L 'a. Jxf. j_)-oi_ 

1^)1 ^y^i yZi. 4 1 i. "A 35 4-5^1^31 

(^jLl>l) <Ujl^4 sj^i 4.6|^u3 

3jLLL (\a 80.kg l $~i LL a 1 xs±$i 4_uoi^_£i yA2u -29 

^J1 4_L_^.lH i$~L .c.y — i-u J i^Cd a<-L..u <jJ^_3c3u 

4_^>!^_L ^jL-u 3 ;la L-a L_* (a) 50.0m/s 
Lo 30m/s L^ ~i c.\-lm <j^L3 LqjJx. c l_<^ 3J1 

4_uol^_iJI Cjr Lc. yy (jr^^ 4_a^LoJJ 3j^S jljLLa 

30.m/s (c) 50m/s (b) l^v.j^3 LjJ^ 

/-3il a a_3JI ,‘vo 3 >. i.j> <L*.L.4 U>3 . ..i — 30 <fi 


>L a. Jxf. 


^^ 31 ]i ^^_3J 1 (j-a 3^.. xJt ^ 4 » ln3 (‘bLa < <f \ — 30 

2.0m £3_3 jjI i j r A 4-3-t-JL T JI ( _ r 4 ^ Jl_L~ < nj 

i — ^-3 C.j —lm ;J un i \ — ajiic. ^ L oj 

. Cl— g- /?D £jL*_Ji j>IJ.La /_j^SLs 4o3l ^ ill 

i _ jr J] _oil ^J-juaj 0.50 ITl 1—^ loj—uA J—*_j 

^jI^j 5 LU3 j-*-! j_>.G q 4_l3L^jJ 1 <ix ^ji 
jl jLLo Ma) .^jVt <^1 Ja^3 

-i.u.31I y*J_a_4 La (b) .1—0 JlLc. —<-u_i 1 1 

.0.15 m/s ^j l^.c ^ 0 Ua3 LojJii 

4_i_3j^L! 4 _uL^_jJ 1 4_c.^_<_uJi <_ ia-u_>.I (a)- 31 

<ya ;U3 n.i Lcjiki (0.83 g/cm 3 L^jJaLifT) 

La (b) 8.0 Cm L&j-Ls <■ cuur \) ijl 

Uaj) 3 i.u ^_i-u_2>- 4xa -,]r\ ^ i 3"jI ijr u^3\ ^Jt 

<—jl V C, 3 < =Lc.j > _ cu l 1 oSJt ‘ ^ 1 u r L ~* ‘ 

. * 111 4_X3J Lix! 

_ 2 t_i 3j_^ 4_aj^LJ! 3j_oil _>. 1 —32 

Jil —lm ^ 2.0cm LijuKa t.duai 

(jl *9.0 Cm/S Ll)jl J-3-c 4 j_jIj 4_c.^_cu_j 

O-jLjJ 4— C-J —1-uJl £-A C_^U33 4-Jsi—c v il 3^_3 

J^_aI .0.950 kg/s 

(^ 227^ al 3UV j-3jj 1 3j 3LL. ^La_>o -33 



P 24.6 JSLi 

<■ <l3 t a J.U A 5.0kg AZh£ ^UL> ! 25 l 

ijl 13.6 (JSL^IoJLj 4^.jl m_3_a 4_ij-C- 
^1 (a) l_^j>-I a =3m/s 2 ' l l 

Jj_i «il (b) (^-i-u\jl\ 1 ^ » \isi i 

.J^Ji 

<SJ3* (Ih 1 ^ ^j) j * a Ji—^ o^)^' j 2() 

^^ J3 —24.Oh 
s-y4a_>. 131. L-^jjUj 

Lo (a) 1 j.a.i^ ^j-ALLaJl O^-i 

jl J_3_a La (b) JljJU>J! ^j^JlII ^a^JI 4 ,a_i °i 

4-c-j —^ ^ cjj—>L q\ ljh3^ 

j~ lm oblj La ! 3 j ^_co_>2 i 
52 4j 1 ml \ .4_jjJLj^ 

^ J^Lj LaJlIc 1 y^O- 1 ^} ^C-j-LtU LIo.l 1 

4jjl— i-u _ a 4. _l.Lt. 3J ^3-11 4jJj) a * 11 3j) 311 

3jjJ {jr ^ I 4iL2l Ll^jI . \j.a is> 

J. <■ ) R C_tA- >. 2jT ,R ^y. A 4_Lq1-^ 

•(^t 

LaJ_lc. . JUfc is\A <_LL |27 | 

3a1 11 t Jl_u 

1 a j *a j »i^-i 1.1 LLs^jj LqIlLc^ . 59 IN 
3 -^1 39 1 N jjl^-ai.1 3a 1^^ O^^- 1 *4—^ 

aLui 4—a-.j .aJI 4j £jL_u_3jl jij—3_a ^jl 

OJ3 (^) ^-1 . t 3 4^Jt]l —5 c_3l!I 

^-jl —j-uj (c) _ Li 1 41 "< 5 (b) — Lil 

jLJLxaill 

La {JjL> ^ .L JLLU y33 ^Jl3j^ 28 

C-AJL LUjj 4. j A-U L^J?e-3—a 




aJjsLaU .jyial /}A\ 4_10.0 m/s 

Qj. i a II oJ*A> cLul i_^SL>u 

.JUT- ^ 1) il)= Uj £ Cl 

C ^ 5—oaU— j-jVI 4—C-j>— 

5.0 m/s S_co. 5 ^ t= 20 s juc .ojIj 

4_C_t jtjuLft Lo (b) . C CxjilTi t—* joo 4 (il) 

Ja4>l—a_jJi 4-j.U—C. j— 1 (c) l— 40.0 S .Jl Ic. 

•-jjLJiii ^LjjuJxJI (ji o_ul j 4Jj>m 

. ^ l£ 1 4-c.^— j-u.] i X-A < j < >j! i J-* 


^ic jajj SaJLlI oi I — 37 

4t_$ ^ in 3 oj15 A >.-^j..>. f— -knru 2 ^ 

loL.^ <> 4jL$-l 1! JU _>- ;*JjUU j_ i_ju 

(jl CU-pl . L-LdL l - Ij | 4J 1 ) j- 4 _,£~, j x-u_) i c "t m A 

da-S- -i_c J- s_j .jJj-aii 4—Cj ,—uli 

.u(t)= Vj! ( 1+ ktVj) ^_A 4_ j! ^III 

UaJaC- £ 1^21 4_f}Ull ^g-^o 6i^ -38 

4— C.j —t_u_c 3jl .uii 3j— bLj ^wa ULclj} ^ 

$3^-oil 0 J-A jlj-3_ A l_ A .^ULojj Vj 

. 14 <yj4^ L^-maa j ( _ T a]l oUgSll clLula-i 

iS L c ^ LuJj 2 Lj j JLjJI 5.6 

^4—3_>^l yA 3.0g l ^ aJu ,5 4_Bj^ OLr> 3—(_u —39 
0 $—ail {j 1 —j— si — c. 2.0m 

^jr-& —ujV 4_Bjj li jaJj ^1 4_j—i£2i 

b 4 _bLlV 1 o_ib c< ^ . / r = mg - bv 
4_Ul_£ili y^J\ u (a) .-0.03 kg/s 

(JJL aiaJ Ll jJj! 4_oj^Jo i.»l (b) . 4.^ jjjii 

4_£jjJl £-uocyAj <L£Lj-ljj (j\j, *aJ ciJUjJ ^JJudl 
L - r iLjv 1 i gb»j) a at 4 In ->*3 yA ^^3 4.1 IwA-^ 

4ajL^lIl ^5 99% L^IjC^u jJ-uaj 
.(At=0.005s JoU) 

WEB 

4.8 X 10 4 kg l^ll x5 4_o- daOaoJ 

^ b>» J 3j—3 (jy _sl-U5 ^_aal_3 O. 


vU—^31 


E 


20.0 m 4J^.L Ja3. 4 jL^> Cjr 3 "620 Kg 4jj;^ 
^ 3plkJ! iju3 Ujuc . P 33.6 JSLiJb US' 
^i i ioj i40 m/s 4^u)U 4 jc.^-i-uj 

. 1 ^-11 40 4j c-1 y 



/ 

— ?!.!* 111 /- 
/ 

/ 




P33J»JSL£> 


3.80 m z i^A 1 ^jjJl 4_^U_g>a CxjLS 13j 

. 4la t u j jUl i.1^4-11 ^,3 

<U_aJl (jl 431 j 2.V1 u uo-1 

. jJ! 4_c.j»i_u {.. gt-uLu3 ^ 5 UII 


1 ^ dllS (JSUiJl 3 jk_U—^ c . Ul b t 34 

^Ui t=o ole q^S^JI (ja» 3.0g 

L^l 4 x.^_uuJ 1 (jl Jl>.^ .^j_oLU 4_: 

^3 b 4_4-3 (a) c-u^.1 v { ~ 2.0 cm/s 
J^ji] 3j > iULl f j>Ul ^jJI (b) 4.6 4J3UII 
3^_oJl 4^»-j 3 (c) ^ .0.632 (jyij 1, C y-j-u 

jjj}] fiyy -->Ji 4_c.^— uj (Jo-soj UqjLLc. 4_^j 1 ^li 
. 4_l3 1 ^ «11 i <<r~ ^ \ 1 , 1 

JS^i,. 1200 kg a , ^Lj 5jL^ -35 

dJilc-Vl j^SLl Cxj_rtJ |<U U4X O 

4 ^ -s-j 4_^.1 _^qj 0.25 ^yS-x^LuJjjaVl 

jjLiaxaa (JS (JLs-aLj . 2.20 m~ 4 jL_u*_uJ1 

^jLcg-jJl .^^V! uiiLSa >.V1 

L 4 IC.J_UJ JLaj —/CJ I3j 3jLu-ail J^yjl J^jV! 

(jO —(J^L*_ill ^-3^3 ^1 L^L^aso —100 km/h 

.dU3^3 "~( jaJ i- ^x l 1 vLiJl 

WEB 

^Jl UJi-Ol l_jjU UlSjjIu 36 I 




( 3 ) 




L&j ‘ y^ Lrjj ji <ijjl >_}^ 1 OOm/s A^ji-A-Tui 

6u-v R-~bv aJsLc^I 2>oJb c.Lt< Uj . 35° 
4j j j _c 4_3 _j^_L _ bcJix _i^o I (a) b=4o.0kg/s 

u^' j! p! *gAs>ib £-^>1.! v_jL^jJ 


o-\ 


>-1 (C j 4 3..iJt..3J 1 


A_rtj J—ill . £Jy~A { J=r 1 ^- 
A-J^l_>Ltb ^\ —H3j5?1 4_j 


<tgJ jJll] 

J_4 0_4> 1-4 (b) 

7 butJ yUl 

oo 1 :4-j^_o } 


V) 


■ <T ' 05 3'Jl-i. 


^ -45 


<ya 4_u.>> a ^4^ 1800kg 

[j&j. <—(i isi i £^-jU 1 — t~u &3 

Lo (a) p 45.6 JS-AiL l—gj£ 42.0m 

3jL_j_^JI cr Li L_4 j j3jj 


CLuLf^ i jj 4 a. i-n gU 4 In 2 i i _ r JLc. T 

La ^b) 16m/s 4x.^_(_uj J.JL.L.U j <3^Li_. ul 1 

Ajn.fl ) ^yic- LAj^^-o jJx. 3jL_u_uU 4 £j-lu 

£_4 1 <1^5^ -bL3j (j! jJ-J-3 

4 1 \ ,i^-i a ^Lr. m 1 ^"ilVs 3jl . j -o j j^o-5 - 

R La>j.ia..q ^ ^ J.O) 3^3 U <j_4 -j-ujJa t j- c 


46 


< jr 3]i 3^3Ji \—a (a) P45.6 jJSbiJL) 1 ^ 5 

^yir. J-Lc. 3jL_i_ta2! JL>bb- 

j-u ill 3jl J x-ujl CajL 5 t jl 4 t isrt ,^U 4_Lx3j ^lc.l 


Ax. ^_u^J I <.—t 
4_3.->^io ^Jl 


/* - -mg + Cu“ 4__*JL 

,X (a) . C= 2.50 x 10 5 kg/m 

-^c-Ilo-uI (b) . j^_lII 4_l_>J 4__uL.^ill 


4_C^m_u I_)l.mJ>J ^Jj.b»-~j,ll ^Jji 

Ax^.uuJ 1 {^jl ^L;TxL a 0 .2 s £ _Li_s 3^-41 4_t->- 


LT*. 


.1 .1 


>• 


A 1 (^yix >u 3^0- llaJ *Jl j 

<>^£LII 43^3-3t-x5 4 _lC*^ <_^ju33 LcJ^c. — 44 jFl 

3j^LJI (jl—3 (46.0g l_^ ~<l"i ^j 

iji ,(3 jjL 170) 155m ^Lc 

R=Cx) 2 La>jj j-A-A 4_3Lcl 3 j hj Lj_j 3^SJ! 

(a) 44,0m/s ^ l^v. j^a 

a., i w j ,„\ (b).(_cij^_j>Jl 3j^S3 a-bLcVI c^jLj 
. Aj_jJl 3JI i?J lA jL co-d jJjlrtH! AjjJlC. A_ 3 jj 2^> 

^ \ un ) 3^£!iJ 4 _j_j i j_ 3_>5? i a_c. ^—tjjJ I dxjL^ 13] 

1_0.^2. °i VI £-4 31.0 LAjIj-. 3 . A 4jjij 

^Ju4 jJ-uoj ( jr IL>- 3^£L0 AojIjlU^I 4j^j_i_uJ I 

. 155 m 

^JjLujl4 


? _ ■-“-> A^otJ^IbVt 

^yii j^Jl a^l^.u J i^> 3 CjLl^u_j>Ji 

. v_z_v dp 3 99% 

1.. .^.3.1.3..^ A_i_jL^JJ1 4-X.j— cuJi 41 

131 (a) (95m/h) 42.5 m/s ^ 0.142kg 

A_.£rl ^.1 3^__kU ^3L31 J 5 ^u_ H J1 3j_^ C-ul—^ 
La (b).C chilli 4^0-3 La i R-Cir LajIaLLo 

a_£_j —lm l_4 Jlxc. 4__b1_c.^ 1 3^2s jlj—3_a 


Jg 


i.^.ut_>JI (c) 36.m/s ^ 3j-^i! 

Liolj, L^a jJa jl4i 3^531 4^_>. jujunlll 

. 36.0m/s UjSju_3_a 4 _u!jo_)I ct 1^V 

-3j^J! 4_aJ 1 (J-U2LJ _33jl ^ j - y^x —b! 0 }-£ 1—a 

{jy ^ aL a 31 3^SLJl <?Ju>.L3 

jjl (Jj—^ 1 g "l c J — ljj L_*_<_u— >-i 
• O^luLuJ 


3-3—3j- 42 

u-}$ 3^_iLLd 


i^ys 50.kg 4. :JCi 5 Cj^Li^a 

4 41 ^ 1 .-> ^ 4 ^ iil< j ~ i *>■ * i 

2 

jlaTt r.L . R—Cxj 4_C^-i_xJl ^->3 Uu-t-uLlu 
4 HU 4 4IU1 Oi^ 3 LaJu^ C=0.20kg/m 
(a) A^w^ii^ Aikllj C=20.0kg/m^ 

l LlK 4 _uL^-Ji 4 _ii^_uJ 1 

4_c.^_t_uJl t-_< ^ (b) 41U11 7tJL5 wLjljj 

t5^jL»Ji JjU“3L ^3 4>Gjl 

Jo j -t- 1 f Jj ^JlL>J! 4 ^ 2 _^U 

^ In < <f 3jH^ 1000m ^LHjjI ^y.lr ^j4>^ 
' <> 


U 0 


^3-2 3-^ 10 3jlI j^>. 

OJl__^ij 1 4lU 11 7 r~i 3.~> l_4jJ-C. :4 j^_Ij ^ 4 iinJJ 
1 jj 4 flln <M i?JLA ^_y>.l—3 4 ^j L co J 

{** 4-U-43-11 dil^ILaJl L)^^ 3 L)1 t 


u_j 10.kg i ^ “j Li ‘N 4_3 jJ_ 2 t~> 3,1 In 1 — 43 


£1 




4jU 613-^JLi 4JaUaJ.1 J ( _^ajJs -50 

C T* J3^i3 c4-^ eJ 0.25kg 

4—j— 3—31 4—i^i j- a j^JLc 1 .0m Uj U* cJijLgaj 
i ■ •>d I j —>• V! u-^Jad i j—. c-j . £ LmJLa 

4iHS^ 4j3jid Lai* a& 2 ,^)\\ j£jj& u-Jij 

*3u£l\ JI^3 (P50.6 JLi) 1.0kg Ujiu^ 

{Jr^J —(J 1 ) 35 CT^ ^—‘^■•O 
Lo (b) (J-LTxJi {jy ^ J_jJI jijUiLo to (u) 4 tS\ j U 
^Lc. Jj—>J! L_^J pjj ^ylli —aJ! jl j_JL_*5 

* ! 4x.^-»-« ^-As Os (C ) ^-^3^_dJ 1 

4 :« . h< c I^JU ^.^Lus iia.LLJ.1 /_ys ^^51 j { j r ^>j^> — 51 
<• 3 i^i i 3^31 J (jr ^ )3^i3 * L^- 2 ^ Cr^ ^ttl j 

j-4-i • ?• 1_t-uLo 4 —*JL .flj d ,^.'i & (jr^- R L^j> U3 

1 3 I jj-s (J-J—>dl O - * 1 ! _^ klil 

m 0 Ujl J_d_o 4li£ 4j3^1o (jr 3 1 dU 4 i^i)1,1 

O^JmI ^ ^LiLdl 4±SJ1 J-k3 (p50.6 JSLi) 

1-a (<i) 4 - ts\'t 1,1 lj;r Lc. tj^j -dJi *Llj1 

3^_dJI ^ijuLs l_4 (b) jL_jJl J)lJ-d_4 

cr^ ( C ) uK>>^ ijM ^ ^ 



^JLad * l_A j ysx^A <Jju>- ^\_JtJI —52 

(j$ c - £jl — uj-Hj »lj) jl. i dad*. 4 La-d i 

JoLiil! ^^j L jljV 1 & \n <0.0337rn/s~ ajla 3 a 

d < - u i (s) ^.4 J. —<_U_1 ^A daJi 11 JL l£L 

4_ujL_>Jl 3 j_ 3 Joj^j ^Ij_j_j_uV 1 <Jad>- JLlc 4 _j i 

L>^ (cAj-^0' cr^- ^ 

Ld (b) 

^3 (j A iiad il Jl 1c. ^ ,<.<>VI JLi^- jJx 


I SLc oLu iSLolSLdi iJ^V) i) ^ Lj J i%t t 

JlIc. 3j L lcu- U 4_Cj t _ W j ^ Ld (b) U 4.r_ j. , „ ' 

J—3—dJ jji (J_j—3 4.1^2-) fjjlc-l _° 



46 *45 uOlLai P 45.6 JSLi 

jj\ —3j — j — ^11 3jj jjLu j— >-i ^ -47 

dj_3j cy 3 

jli LI .8.20x10' 8 N Ujl j_l_4 vjjL^ 

1— 4 .5.30X 10 ^ ’ mjljJLI j L^ i * <^ * 
c4 ujj—^2^1 I—ct-2 ^ ciilj^jJI 
4-xiljJl ( j 7 3 Cdlj^jiJ JJmJ! 3jd^l^J1 4_uliJ! 

4 ^ jjl ^-l3_}l ^4j^_a*di J 141J 3 Jljx!^J1 

.CjULJI Ju^Jl l-jLoSLJI b><! 4_t.Lrs.ljdl 


( _ < ^1 j 3 a jl ^ -s. djjldCdJ^ ^.LcIuLi 4—Jlio ^^_dJ ~48 

4 -C-j—lm fjjS 4—<3 Jl 3 t ~i x-uJ jJI 3 d 1 

L^j_d>u a_lc L^dj l j. it , 
^ol—t d. >3 . 3 j j, j r. a 4 j.}_atJ.U 4 _ju^_ 4 _uJ 1 

^j)^-1/3 ^^oLuo^Jl dn 3 l>^- 3jL_t_c. ^jL,ii ~i 11 

V . 3 jl-J-«_ajl (. a 3 -i_u 4 Jl 3 _U_j 

,J^j L^jjUtd ^jjA jtd ^jdl L^idjoj 

(jjSd 1 —aJuJL (jr-^lpl 15.0° 

jL> a a Us (a) 23.0m/s 3jU_^JI a_c 

J-*-* 1 3jl_J-(_ulj *J1 ^jl_4_U_dJl 

iU 1 j..Ll 3 t d ) jl, \ 3 /O L>a (b) ^ydJt-Lll 

^J-d_} <Jj J__>- l i J I dj l l i it 1 1 4 - £L j _ (_u (jy-A U(c) 

jdc. 9.0 djl J .3 A ^y^ \ —L^ij3\ 

. ^JueLd.1, 1 f^JuA ) ^ 1^1 3 J Lu-J 1 

13.6 ^JSLtHJi SjjuvjJLl 4_s^_jdl ^ji ^p^iLsl —49 

^ 'us\ 4 i < 3 a ^yil 3 clujld ^jLlu_ 1 i 

^j-ol_i_d_ a j l—jf I jl .(jL-U^I £-A (() Ujlj 

£-a 0 1-Ajlj—3—a 4_3 jLj 4jjI j (jr 3\ Jyl m ~ill 

.3 4 L_i /.ii-s -1 .<■ atimW (jyic. ^J^-<jjdl 


(230j) 



Jyj3_<j jjrul 3O ^j->-1 .j„<l,„t< 


CsD 


4_C^—«-*JI ^X5 M—^ ^ J J *■"> (jHal l jl 
4_jjj Ld ■ ^ *2) jlaJLli 
* ^ 4 ,a m -v LT ic JouLL 1 L 4 J I 3j_3_! 1 

l^JSjl 4 J)l (_yS ^yC-LL- UO db>U*_3o / jr SJ ~~ ^6 

4-CjLt-tfj o_x^_uLuj ! u_o*o t4oolo 4x.j-cuJ dull 
jl JlU ^-L^9 i-tusu ,*o^_a £-a L.u-ul-C (^Jj-a-JiJi 
C_ -t / uL-LXJ ^ a. J 11 4-i_i-uLali 4_C. j. 1 ijJ 1 jjl d<—ol (cl) 


(jlJi- 1 -^ fj l j-'°>^ ui (b) .r 
^/o 

r “ £_a 3jc*4j 41x511 3jjj 

J3.1 Og 1^3i35s oj j-j» .*o> 4 _jj j__t_4 4 _Lo_c -57 

4_C.J_xG>j^_A 20.g 3^ J .i U3 3 J. .-XL- 1<Z> 

0^—^ ^ uJ^ U 1 ~ j ^ 3-^3—*5 

l A.jii Ij 3 j-7C-wtJ 1 dl 11.3 >.*21 yLaLtXl 

0.64 ij 1J j 0.75 ^ ( j 7 £L-uLo__i_ul^ 

0.45 — 3 —uulj oj — =* —4_l_a *_II 

£) Jj-*_a ^yLa.0.52 ^^ylol-Lj 1 j 
4jj_^ (ji <jluu (4 3 j 4 j Jl 3 jjj) 

. I j! 4ixj_*J i ^j-a b I Jj_u jj 1 J_ui 


ju£ 4_L?t_-ii P57.6 JldJ! ^xoj j —58 
4 3 j ^ jJl {jr ^ dilj^J 4 juJ jjJo 18 . 0 m 

La .<—lijli ^J^-a-*JI ^jl, t.u i.ll jij_3_a La (cl) 


c__Hj ^_yl^ Jut-311 l^_j jjJj j^ylJl 3j) 3 H jljJLa 

4_b-^u 4U3~) J 3 J\ Xi£L (b) 40.kg 4.3-131 
i-yC-m—>4 (d) i4_L>-^JJ 4 ]n 3 5 ^yl r 1 JUX- (c) 

J« 5# 

jut-311 L^j joJj (jr-d^ (L*>L>oij Jl jJLa) 4^311 

(jjS t—t_^J_Jl 1 i 1-a Jl. 1c. ( <11^-11 ^yJm 


. ^LnJIj cUOJI £*\u 4_^1 1 all 



P57.6 J5Lu> 


3j;Li. c. ^ ^3 75.0kg 4-j-lal 

( g=9.80m/s 2 ij\$ 4 a 1^3 '1 a 3 jl 


—j 50.ON j—J u cj->o Jj-j>. a j—3t_3—cttj —53 
2.5m La^-Lu3 (■ a. is-\.\ 4 t 3 a 1 ur* 
ubju Jjl_>JI ju£. .20.4m/s 

L-ajJ_£. Jj_->J1 ^klu ' J-^. c_>Jl 4_c. 

5I.0m/s 1.0m 4JJb 

3 JaJtU 0,11 4xjjl_3_a jl-Loa La 


4 -jj 1 J 4 j j-ojuto Jljj (^ya JH> 4 —l_*J (j^Ho — 54 

J> Jim CyJL^Jl (p54.6 Jlxi) 0 3jl_^ 

cull ^ U3jt ^ylr, m 4-lrUi ^y3.u^ jj^iLai ju^jl 
^a3j . 4JLut-a 4_3 jLj 4_£.^<-.i_] jG^Ji j_5j Jo I jl 
do^o^a ^yXi»lj (—to^ 1 Joddulo JG^JI jojjo 

4o! i.. ijiM _>-! .^JLi_4-uJi JI C JojJU 

(^^dol \ (_ybl 1 L, JJtJ (Jlc 4_LU \ (j j£j La J_lC 

i)= \/L g sin 0 4JtSJ! it j^u <jj53 J5U1 



P54.6 jSLui 


4-£Lj>. mi 4_t_>Jl 3^-LsLdcua J_j_333o jLilo 3 j - 
. 4-j 1 u J o^olj ^C. 3^1-iC. xi.a (jH Id] . 43 jIo 

(—oxuoj 300mi/h 3joLLdl 4 _£.j_^ duHj 

jlj—3—a 1—a (a) 1200ft j_4>3^o1jJ! j-k^ 

1 jl 4 U 2 .3 Jj-i_ol JLlc jLoki] ^jofcLkxJ! uj>l^ 

yjb L_a (b) . N-L j 160 {j? a } 3 ~»J 1 4ojj L)k^ 

j —(c) 4 b> 3 ; j^yLlI Jul^. ^jAi>LLjJl 4ojj 
fjjj ^aljjkol 4Jl>- jlji-ll! LoJuto c_3_l 


•55 



( i ISLoUu 4 iSLulSIA&t jJ fjV 1 t) c • i 


(a) 4 JL 0 LJ? 4_L*__aJi Loo A ( _Ji 

aj_^_*Ji 4—iil_>- {jr Lc. dJ^ a_i 4_ C. y _c_u _>» 1 

l a i y 4__o ! ^yZ. ^JLjJl jr jl i »i.~i!l 4ljVjL} 

4—sLaJs 4.—du— S> 0-11—^ I jl (b) 4j_st_sJi jwLa.3 

4_4i j^Lll 3^JjJi jijudc U IT1 , _A 

» 4 .Lst-sJ u ^.o^u^uIa jjxlj JL S 4 ..aJ-o .3 

cLuJlo ^,-3 'LAl-o-lI i i—mJ ^JL>-i - 6Z 

1 _A jJJZuA L_AL ay *& 4 -i u-J \ j 4 \i rt lr> , ,il 7 ^ 

Jivi Js 0 > ^c 0 4 o.jjJ 4 g 4 LA 4 _Oj_o 

Olj ^ylL^. ;lo>JL 1 3 ~ 1 ^ ^Jiaj 4 j 1 yLo_«_uV 1 

P 62.6 ) 4 ji^joujuV 1 4 . t jl <Jol_a.-i_f.-l 

(jA_i ^ySL-iJL-J—mV 1 ulUSLl_^VI ^j-flLj-^Q U1 

jJo_9 t. a ,i^j o. Jl ^_A JoJl_>Ji ^ ,_^j_ae_AJl 

(j, -o—3! (jl Oo l (cl) R j_A <Ji^Jo x^V 1 

^ Jo^-c aj y o->») 

4 ^ i ill <_-u-_>.l (b) 7=(4ji“/? 1 « s /g) i/2 

R—4.0m ojL^ Ij! T ^ys^_U 4_»3 jl_*J 1 
ol J5 jJl 3J^ 1_*. |^=0.400 5 

. 4 a.x 3 .jJl <ul^la-t«<V1 



P62.6 JSu^i 


L.A }.y a |a.J 4jbc-C ZjjJLA c.LcAl£i 4Jo-20 - 59 


4 —j—cLLi^o 4 —-uJL_>- j 3 1201)1 

7 

^n.-!-uj LoJ 1 ,^<o 1 • >• f~< >U />() m/sec ~ La^I j_oq 

j 3 j 4 1 4 l.sfcjill 4 _c*jL>JI AiiLonJl 

1 J ( 4 COI —5 3 JA 3 JJ 3 ) 4 -L?e— jlU l ) ' j 4 jJ i 

j. : uQ]i 14.0 ^..to.-.:J 


4ju-A , ..4 4 *J .-_ul 1 £J.—:>J 'jO',. ; 60 

8.0 111 La^JcuS 4.—l-oO ^y:i (j/^y L—a 

^io 4 Jj 4J1 (J-i-iAi-j-j L 4 I -0 


jo-l^Ji 4 .L^ jlcL^ l^jL^j 2.5m L$-(-o 
4_uo-ljl 1_ ajJ.jz. . (P6O.0 (JSLio) 10 kg 

>41 r~-A 0 —Z8 4o^l ^ J^>L—ciiJl 
(b) j— a 2 .. a 4—r_ j-x-d (_.'_uj_ au. 1 (a) K j r -- , -> ij21 

JaLJ ^»-.J 1 .^tlJ L.Ao-uJ lZa L.joij ^c-'-ojl 

jJJ 1 ; c—t-xL.-^ i ^ jut-oi, 1 40 kg 43 _LlJ 

. 4L4LJI 



P60.6 JSliif 

4 J 0 JLJI ^-A I JoVI 1 ^.a is~>y-A 4. ^ Ja . 4 ~61 

J 50 jjJli ^-L>- 4 ox 4 _^L->- cr L 3 A 
A 4J00IJI ar -fcU A C-o^ojl. 

/ lIDj JLaj l-ua^l A Jo3 1—ajAc. 

^ y. ' > 5.-0 3 J-*-' ij Ly.u I j 1 A*Jo 3 £_dJ 


-63 


( 233 ) 


^Cj^- I Lj LXA-LLsJ^ d£j^J t 'J“ *4',.tt .j ^ 



P65.6 

ajJLJi j] juLa fr ■ :' 1 hr 2 !) 2 4 JjL*JU —66 

l—j3j3 (cP i j - 3 L» J <1——511 

^ 4_^>—t-uj 

(jULsIj t) i & Cu - > r In 6 c a.i^n) 

a (7—3. 1 OX 10^ 1 —<LOJu-*Ji 1 3. <a-j 3 

a^s^LaJI 6jjt> ^ Ia-jr 11 uLi. b=0.870 

Jrt^Li gj *LU <-1} 1 jl~u2 1 4_pL^_(Jl 4_£.^_i_uii 

^LT^ 

• cUi C-sl^-Li-aJ 4_JIHJ1 jlk^^l twJsl.i^i il 

* 1.0 mm (c) 100 \un (b) * 10 jxm (a) 

—>Ji <jJL i £joj (c) i (a) 4_j| 

4JjLjuq 42-L>Jl 4_3-i_3 J oLL>-1 i^£- 

jl l 3 r.VI {J7 3 JlJ-VLj <jJJ3^ 4 __uL_jJI 4_2-jjJl 

fj 1 A \j 4_ajLJli> c.ii_t. .) ^jJi JLj>J1 

. ij-uG (J^Vl JljhJI 

0.75kg ojjMo £-3_^jC-J j -3a > —67 
tilL-u 5 _jI_4j 4 x 5 ~°} 1 3^31 j 35.0m/s 

ill Lm 11 ^3 JLtiJl i—<-uu>>l . 0.6m 4j^io ~>%J 

^3^11 .1 £js 20.0 4-jjl j £-j-u^-s 131 

iA L u ^3 <-_jJU>J 1 2j3LkJi _>^J3 C7"^ 

^jJl j-3jdi_a 4^i»-l!l 

La5^ ^Ji-ljJ! ^Jl 20 4 _j^1j^j ^3 jj 

.P67.6 JSLilb 


cj->- ^ - 1-C- ur - 

4HjIj £^) L ,t. u viJ^-^- Tu L-c^LuC. . 4_j_5_31 

^^ix. {jr^\ 4_aKJl 3j 5.11 ^jL3 14.0m/s 

Lq . 130N Li>jl j_3_a 09 X 1 ^jLu-uJi 

1 -4>il 1 35 (jjX 1 4_^J£31 3 c> 3J1 0 L>u 1 ^ 

. 18.0m/s Vg&.yuu U 131 

L ^ ^ 3jl ..J t, •< ^—uj —64 

d..i^-i 1 j-Lx 3 t 41 i«^i 1 6. 6 JSLJJL 
(JjoLjl-oj 0 ( _ J7 _4> ^ 

_o _ 2-1 (a) }i s 3 _a _ J^\ 

l 4 j>- i . it 2^1—J-ijtiLi (jt- 31 l—C. 1 


ft U^i.ll ^"ji—>J ^1 jJi-ljJ i—^—3^?3^1 

— *X 4 — c —j —3 (J^l >—<-4^j—2-1 (b) . j J — 2 e_lJU 

j—>J 1 o$Xj cu_liILS-j-2-^1 

d_51— C-y —<_*iii l A (c) (2 —C j t_u_U 

0 = 10 . 0°3 R= 100rn 131 4 .; .<U1 

±> 3J ^) |x s = 0.100 3 

cill52L > . 1 jj^LJ ^jl >J ^ySwQJ —65 

L&^-LsJs c _i 2 .^ > 4^31 j_£ ^ I tc j a 

c^jL_^ 131 .P65.6 J.<LliL 15.0cm 

j^Ju^ 1 —»ijij —j lm a ^3 3j^jljJl 

Jo->2i l-$-* Lua-5 0 4 _Jj1jJLj 2JJ _>J1 

a-^ 3 4?j^—3JI ^1 3jJ1jJ1 j-Xj —^ 3 >^ (J-^lj-ll 

4 I-u3 ) 4-Jjlj i^l j C. (a) ^^-oljJl 

^ill33 4— ^>j — 2 — (j 3 ± {jr cu t>\y. -a- . 11 (jiL«j 

1 jl dJUJU (b) ^IjjJI tf ^I jlU 4 ,,„;lb 

p 

*0.850.s jjh 2^31 jJl u-^3 




ISLulSLctt t J^Vt i) 


t (s) 

d(ft) 

1 

16 

2 

62 

3 

138 

4 

242 

5 

366 

6 

504 

7 

652 

8 

808 

9 

971 

10 

1 138 

11 

1 309 

12 

1 483 

13 

1 657 

14 

1 831 

15 

2 005 

16 

2 179 

17 

2 353 

18 

2 527 

19 

2 701 

20 

2 875 



P67.6JSL£ 


^£i 1 9.0kg 4_ ih£ ^-<-1 1 > 


in n_ 


-68 


R——bv 4>3jULa 3 ^-lU LLq 

~>sJ 1 4_c.^u_u (.Z.i ?l^ I3l. 4 £.j-lu ^ 

5.54S J lJL_> 4_uL$jJl 4_ jl£Uj-lm <.SLi*n J 

Lxs (b) 4__ul—£i!! 4 _C.^_^oJI l_.<_«.a_:xt (a) 
4j5Lj ^ xa±. >Jl 4 -C.J—LU ^ i t/-i 1 fjM 
^aJt (c) . 4_ul .4III 4 l—f.j—j-u ^Ljj! 

5.54s Jl (jr a ^i^L>JI 1 ^«t-">£j 


jJLjJJI »1 i^i 3fl ^jli ^Lua-C? gAlaC.i ^<u “69 
JlxC .In jin3t_3Jl 1 £.a\ Jl Jt—1 -mV 4 _jJLjJI 

(JT lJI 4—ni.U d ^ .i_aJ JJi 

^3 mi l <j-a * L^a—ill J^-j 1 ( jUn wi_ i 



^3 4j 1 Jl^ ^-co-L-q^ 1.11 lLd >^j2.ljj 

.jXa ^1 ^Ji3 <^Lai (a) t <^a)J! 

(c) t (^lib) d 435 Ll! 1 ^ujt (b) 

C±LJj^ Dj <U-SLflUl 4 C-J -coil 4 <*-J ^ C-*- LM->- i 

A J. 1 u 1 (d) ^-Jfc-4! -J./J ^nj-t-i.-J. 1 

(least Square J_^i) 4_1 -j^L 

. {J-dJ i ujUuj>J 





iJ 4 Sj^J t :^u^Li *11 


ANSWERS TO QUICK QUIZZES :Kcjj4iJI O^luiJSI ryU 


4jV (.La -%Jl IjlA ^ylc. 4 jJj_ 4-£- 4_j &jj* 1 4 ] (jjSL 

. ^-Cfcjo JLUJ jL-rijl (ji_3 tdJU3 j-lc. ^3i 

j3 Ji^jj V j jJ-^J! Ijl < 4-<3_u3 ->J i ^3 

cr 1 -^ >>P lO—^' 

J_4= J-C. j l i . i a (jj-3 j.-«.~j-i±i ji 


4X-j_cJl Ja-i3 (j/1 (^J~uLJtl ^~J L t i.i_ f! 1 J-Ut_> l (I .6) 
. (i?l_>uVl j )jj j 4_c^_u_uJt 4^t_3_a < L 3 4 

^L_>uii jjL3 o^\ji 3jL.j-l.J1 cJj_t^_~ j 

(JJl 4 JZ. J - 4 JI 4_^_3—4 

. ^pjLJj j5->*3 J-* 3 JuV <_iU j 


43_}L 4_C.^_i_uJJ (jjjLj. 1 

Joj—»— c jL> (j^Lc. jl—<_JJ Jj-^L (A) jJc. (3.6) 

3j iU d LL1J1 j3j—1.-< it 1.1 ^ ) . j j—^^ 1 dj-i 1 wd 1 

Cu> . <?jj_>Jl ^jdljdl j£j-/ 4 JJ*-J 4^eJLa 
4 j < l-L^ 4u£j_/ 3 <Gl^ «G_j1j 4 x.j. i. Jl (j I 

.1_^L.jL_X! jj^JV (B) j^c. . at) 31! 
.^jjJJI ^.l^. $$Ja s^Li dlLJ! jJjjV ^ULsj 
jjjjj lj ii.-a- id jLJLI JjSL ^jJJ ^>j_a (c) jJx. 

OJUk . Jj—>JI CT^ 1 4j-3j i^j—Ll i>j-_a dll < Jl 

OjXI jJU J^jll 4_£j*_3L4 <?j_Jl Jj^wJ 3jit 

3jjljlil OJJb j t?>4 < ^ t^~i i jj Cij, . j-_*_uaVl 

j3j 3 (jy-Jl 3j—Jl jlj—3-4 jl—a j—*—t-ol 

(A) jJc 4JL4J3 (j_4 j-j^l 



oj1=l£ jL.u3 ^3 o^SLJl j. j-«-J (2.6) 

t^ 1 <*->^1 ^jJjJl j L J.1 J la.4 <.. lLi^ij (j^s 

—oJl (jia-3U Jl—>.lj—33 j)I wL_jV (^1—-dLj5 


4_^c 3_4 <?L>ui ^3 j_jjtJt 




,UJI 




1_>JI ^J_3Ji Jj^j (j 1 L—xJ^J V . 4_X.J_i_j 1 


1 jl (J_L>vil (jy^ Jljji (3^^ 4JLjJu_u 

L jLu2>'$\ jLcu-II ^_l33_<_u ^jUI (jl3 C-xjl^ 

Uj (ju;J_3 (^^3 J— J - *^3 ^J_>xl 3j 4 (b) 

L^ . 4_CVJL3J1 (j-4 La (^Jju 

4_£jx3L4 4_i>-jLiKj! <>jJ! Jj^L < (ct) ^jj>J1 iJ ^2s 
^L>0 (jutJj JlJJu>J 1 jJj^Q J-=t-5 


*j£ll jjLdJ (c) jLcJlI 

(j-uLjJl 4 L>3 > (j-4 — 4J1 j X Jl jLw J^LJUU 

L 4 JL 3 ^ULj -L 4 JL (5Jj 4 *11 ij yl\ ^jjljJJ 
3 jl is\ 4 4_jl£j_ 4 L^J ^3J1 j ^j_i t£ <?j_3_i jjL3j 
4—i_^j—4^ (dj-jljdJ 4 —1 ljLq- 4^ ^SJl 4 »£.j— cJ 
j_j—<-J (d) jL nil <. gj^x i dL^>oI ( _ r 3 


1 -i-«L^4 


J3 —L- 


-4 lLu>» ^jill 






Lj>. dJlJ-A j)L£ 13] .^JL^>Vi 





&J JGL A 



4_5L-<j - u« 1 a.u- bj 

bU. . lSL_wVi ^f.ilb 
£ j) _)J I ! ,XJh (_J,i_ a <;. La ^.Jb 

j^,, v^ji Jj->- 

4,_£jjJl bufe 

1 £-Ij u ij\ ^.1\ 

- wXj_uJ 1 c b./^t_uJ! 


4 ^aj— J&— £il 

Work and Kinetic Energy 


A.— ulii Sj. qj Jjj_JLt (Ji_iiJl 1.7 

Work Done by a Constant Force 

(jh-g “yfatt w ".Ij^itl 2.7 

The Scalar Product of Two Vectors 

5jj *~ 4 Jj) <0 Jji't <tt J—*_uJt 3.7 

Work Done by a Varying Force 

4SjjfJ1 <L2lla - ,Jt (731Aj^iajj I AjjiUa 4.7 

Kinetic Energy and the Work-Kinetic 
Energy Theorem 


Pow er SjJl _«2Jt 5.7 

(uSjLuli'l) 5jL .... 6.7 

(Optional) Energy and the Automobile 

A.>. tLadl * i c (43tk> 7.7 

(Optional) Kinetic Energy at High 
Speeds 







lSLuASLU.1 


{JT ^ 4Bl LJ1 t^fj-J 4_yj^_JI LJljLcn- ^3 . <Li_u_Ll^JI ^ <^3 CjLc.^ aA>t J_>> 1 4J>ticJi ^ a 

. LiJ^L] t 1 j uLl \ j i 4_ljL> j £\ 11 S^Luo^LJ »L j.4<L 11 t4_i3jLiJl^ ^JJL<J1 JjLx-u^J 

s 

<j!_ 2 c-l-iV <,—i a ^j\ JaJLs L^ji , 4-^liaJl cj3^_*._i V (j\-& dJU!> 

. 43 LLJl 4 j if. J^lln > ^..ilt.i lj_L4-j 3^-S^Jl 1 _L& 

l_cJ_tiL ^^u-J>- ( _ T ix. ^_3i3 4 La-<_uIJ.4_jJ 1 <JjuaJ . i~\\ 1 ^cj $ a a ^ J_ 'a'x.iM (J_i^_a_jl \jJt {jr 2i 
43llo i_3^_*_L_u cJJ J jLJk_2 . 4£^_>J1 ^L_>oi 4_i^^ w o 3^Jilj ^jjfL4 J_ul> 3 4_Bl_t_oi l j^jjLj cLLlcj 
3jJlB L$jL 4bLLsJ! c_aj^_jtj /^-4-J v4_^lc 4jj .j . 4ji^^_>. luioj |^_ui>. 1 ^ i < n"^ > 4-SLLxl! 4j£^>Jl 

^Usu <_- r lc. l <; .Lyi 4_^j~j>JI 43LLsj ^t_ilJI ^)! ^jJu-u . jjx t~u {JjL> ^Ac. 

4_j>JIjlxu 4 J 3 LL 3 JI A^-iLo ^1 JUjfcH < til 7^_ixo 3jJL*JU Cj^?L>JI j-U Juj ^^.uKj a 


$ a a o» lt-^ 1 o' O - 4 j- 4 * ^-cuI—lII 


J*D1 


r 1 


o-° 




. ^rul j-ail i>j £~a La_j !3 ^-alu j_jIHj ;*• ^, ,u ^^LilLj^ ^ul^Ir. L-uL-ul jl< y~i>j 4 bH^J 1 — < J_»_iliJI 

^ilo ^ic. 3j3jJ,l BjJLlI 3 4 " LojJx: 4_i^l_>- oJ^xAa {J3^3 4^j>_>JI <. a juo j 4liJuJi 4_ij^_LJ! 3 J 1 -A 

^c-s (jyltil 4_i. i \ ,n 1 41 .tSJ' cjVjLsJsI ^j_lLj_} LtX 4 . 1 V ^LllL^ LjuLj ^j1_<_u-jJI j_j^£LjV 4_1L>JI o^jt .^_i_u^>Jl 

3Juii -J_o_xIu . 4_*_i^3^_>o <>j-9 ^Ji 4 t j j-Lail i La LjJLc .2 L^uJl al 

^^kil ^-X-juLaJ 4 __o1^q i .dJj—Ajj xa ^ t.ti. >• cr"^^ 4 j al\^ t 4_ujl_3 k]| ^j_aH 

BjsSLb ^>1 (jl-3 .5.6 ^j-u- 3 ^_B 1 ^ ^ j*oa ^_) ^J_4 j ^Lq ^Joi^eJjJ 4 j3Ju*J1 

4_xjL& 4_jj2^u ^JxLh4-i 3aa * >3 4_^J^-J* .«! ;j_^J Lo LJlx. 4^Uai!^ 

• cJ *^^ 1 t J^J ^ jr J-oL-oVI 1 —BJl^JI Julj 4^>JI 4bLL» — (JjlcuJI 4j^Ia_) ^Ju i J->> 

WORK DONE BY A CONSTANT FORCE 50jli>3^ J>U< ^ 1/7 

CT im ^ u aj Lu^_aj ^J] ^jL_s_o_l!I^ 4^.^ .(...i I i —jJjlB ^j-xs La l-Lg Jiiy ~u u i ^lll 

^^LLao-oi oVl 4 _>.!^j UjLb l£ 113 ^->3^ ♦^-f- 4 3-^^ Lul_j_>. 4^ojLitlj_u_j Lo jJlLo 1 ^ ^Ij^..ua11 

. jJjL^lJi j_A v-iUj 4_p3^_iji LuL>. 4 uJjo Ljjl LoLcj 













<°- 


^sjl 


^.y 


J-l 3>^J1 sL^o-aU 4 J, m.illj jJjLilJl (jj-i *.J LL ^ -J.) 

oU (3j^—<_«_u 31_3^—9 gj) t t L ) j_lc. . 1.7 I ^Jl i 

4 JUi 4_*_ulj Jo Lt^L Li .3j5-ta-uj! ^Jjio JjJ^Ju 3LtLU 

JSo j*LL-AVi <Sj3j ^^ clh 4 ‘^Lc-aU ciijj-r>o (Jr 9 3^-3jI j~ul3 
3] 2.7 4 j,. 3*i jjfc 4 joJl^-3.4«.U 3^3J1 j! j_3_a LLud^u^I Lj . 3jJiil oLolj jljuLc 

£_c3>jJ1 ^3 cJjKOtHo 3 Uc_qI! (ji 7t_i ^>\j i4 _j_9 1 ^_C-^j j_3Ji j^-ud L^LII ^ 

1.7c ^JSLJi 4oj>-Lj ^j^«3. 1.7a <lLo 1.7b 

Lj_^a LuL^j 3Lt_4-U 4_£^o*. ^jJl 3^3JI Lu ^ 4.X-9 (j£ jjl £_a3>^J1 

^ J o-Lo j—uc. ^LJL .(La L-33 j>—^Jj ^jdl jjLJlo 3^_3J! /^fL ^JLa ! juLj L^i ^JsjJi 3 ^Jb ooL 

LsLciti! '—9^-*-j u' ^•Ljtcj LoL LUji^ . 3^_3il 4j2tj_4 4 Jt j 1 Id 1 ^LjIL&VJ tjolili jJi-jJi c-il «-u >J ^^3ii 

Lj_o»o oljt-jv*^ ^j}Li J-L^ixJl <—>i lii >- LLj! La Lj 3u LA* 11 3LLU L^-3 %l~ih {_L-H 

. 2cm l^j^_>o jlIc. 4ovL_>o Lji^ j5£\ ^L_iij q^ILTo 3cm 3LLU 

L%. (J7 3 d 4 _dJj! ^ < >1 .-%. ^Llj da^ 2.7 JCrJl ^^9 £a3>^J! j 2 Ltr. j 

d *_a 0 LbjlJ lLq 4o^ij £_u^d3 F 43jIj 34_iir ^5jp 


F C^.>o d <LflL_u_/j 

3^—3JI — g-i J j j til L* 0^ ^ 

.{/" cos 0) (I ^Lu 


Li j>_Lc , 


4ojU 3j_3j JajLi (JiulJI 


> J 10 L 4-3j1o 3j_3j ^ m jv. (Jjw^ ai.1 W ^JjLudt 
4jvljVl ji JlL ^2l 4-LjVI <?L>ul 3^3]I 4J£jj* 


W= Fd cos 9 


(1.7) 


Jl 9 Lbl ,j^djZl3\ 4_to3^x!i l3L ,^3 L^ojL-JL^.-i.; jJJLlJI 4 4 L ^ Lu^.Oll ! Juk (jCJ (JLLc^ 

jl 3 Ijc .VI {_yll Lcijj jsL^ox! u^jJj j2 3^ 3-3J1 4oL^j o^L 3 jJ, dLcijjo {jr xMjS LL>- 

* * 

jloI . L ^LLl oJLi A3 Loi t La Lu^oLlil 1L . ^ I t _ r ic. 3_^_tL jJLu 4 dJjo eJuio 

L ^i-ti->JI (jyL- M-Lo j—uV 3^3H . 4^->o LLj £2 dLcij ju ^ ^ 1 (_yL. 3 j_3j o^o! 

. ^xojJI I JJb 1.7C J^LJi ^xojj . W=0 L t") d —0 ^-t3aj jLl I .7 4JjlUi jjyA dJJj ^-uaTuj 4£^>0 
Ljulc \j a is> ^jLj ^ «»>. jjyL 3^ 3 > JjJuJL! ««I1 ^! 1.74_hm 1 Lji ^ i3~\ 3j 

-COS 90 — 0 (ji CU-j -v VF—0 tj 6— 90 S <iux>. ^4 i« >21 4>.ljl ^L>ol cr^ 4 j 4 r. 4-4jLrfc3-LH 3_^3J 1 

<Lu jL>Ji 32_3 j JiLJIj 1 4o_x^4-*J! 3j-3JLj (J^jL! —3.7 ^J5>L —^JLJL! < Jjg.•» 

.d ^Lol 4 j£jw« i 4^1 c>“^J 4jvljVt (jyL. 4 c (>u^3il I 3 K (^jL L ^.uL ^<u>- ^^Lc. 


j3^j L-il ^ .' 1 *j 1 AJb jL<i3i»Li Sjr >~jAt+u 3^ ^LaLu £-3-) {Jj^J Lj 4 aa3>JI 1) 

. ( ^ r LMj£3\ 4 1 <»3\ LLL c>^j ^Ci-ci/ Jjjj (jL ijSL> .i_iLlj3 4oL>L 




tSLi« U jJL?lj tSLulSLdt s abj-uifl 


" / 


jlL 


' wg 

ljr Lc. ^u'- > 4—jwlc. 3.7 
<5 a ^ I! 0 1_3 l>u _L 

'-13 ^Ir. >A ».{.<[ 

^ 1 >• -A O 5 —U jjt 

. l)C*3u ^JjLu ^xil OJLl^v.^J1 


sj* -Jill < 55^5 * d 4 i xtflU F <>L>ul {jr ^- (Ji-jJl 3 jLxu>1 J-4 ~ ♦ i 

^ F COS 0 4^l-^L^U 4xOll Loju£. l_L>- 5 _a 

^jLs i _ ;r -Lc.5/ J2c. ^JLxlJ ^J-i-i-i .“ {jr^- i>L->iji ^jxuu 

t^ylc. *^' 3^g ^ 11 <?L>ol l_l_>.^_>3 4-4 J*JX ~i mU O^iULl (JjOxll ^J- f L. jJ i 

4_^j^<iJl 1 £—t_>.l is-^X ! 4_2t_xJU < 55^0 LoJtlc. . 4^*.ljVl <?Uo! ^_^xu 2 j i^l 

^.Lc. 4 _u2L>JI o^a) (J^jui.1 jJjLxlJl ^ .<- i i v (Jx4 i f 1 COS 0 

( I .7 4JjLjlU j W C_OJ^_AJ ( _ ? 3 COS 0 ^JxjLx-U - LJL*-a < 55^5 ^x-h-X>J 1 
tJl-3_xjf ^JjL-i-uJI ^jl > IS .- v ^Lt ^ji ^o-$-il (j - 4 0 LXc^i jXu 

. 4_u>5-4 W ^ 55^0 (^ < *» >Jl) 4_>3j)lS x 0 ^Jl 43 LL cA7 i" x t l 1 4^Us> 

.4 il l ,.i VV i4 ^L> i1 1 ^jja 4SIL oJxLul 13| 


4_1L>JI £>J-A ^3 .COS 0 — 1 5 0 — 0 Jxxx>- i4j>.IjV1 oL>oi ^3 5 J 5 J F 4-4.Jl3c.x-. 


JLI 35-ill I3J 
i .7 ij^mi ^ 


W = Fd 


^^jJl ^UoJjl CjIJ->-5_5 5^3 IjL^j .^3 3^3 c_> 


o Lv. 4 j 1 Ju>. 55 4_i_i-u 1x3 4xx^ ^J i - xx l 1 

. J 5 JV jljILa ^) 5 ^o (SI) ^LlI!! o! 3 ^ 5 ] 


^*-<-u_>Jl ( _ r Li M-»-4 u (Jj —o ^jl ^s_t^>J ^^5 4 c £jL_u3 U xj ^\ Sj-oJl 4 _j^ 5 _I 

^5^1 jJl Laj 1 ,< u ^ ^3 r«i xj {jyillj c>“■^■ < * i I1 ^- 4 ^ y>y £ _ 7 xll 35 -iJl 

.(^*,1 ) 1 J_5^ 


4J3s ^3 .3 Jo Jxi ^ 53 5-x3l3 Coo 4xij-^ 5 I 43_iIj 4^i^_^ij ^ wi ~>J 1 ciJ 5 -^x 5 Jl3 4_<iLc 3j5xxxj 

jj-iLii, j^5_4_>Jl ^5 xi ,>J,! J_A <fl V 4_^ljV JjJuJLl JJtxIill <jl3 4 J. <<»Lx 3 4-J ^-5b ^jl Ca*v 4JL>Jl 

.^5231 J^J Ji-jJl 

it< jUuxaJI 1*7 4 JLX 4 

(J^3L j ( _ 7 2-2 s $\ £-A 30 455(55 F= 50.0 N Laj 1 . X.3wQ 3 5,3 > 4jjLj 4_xuxSL<j 43Ui_iJI (Jxal-C. C-xJ r <1 5 

<?L>o 3.0m L^lLv-ljl jl 1c. 4 xj 25 -^JI 4jx_i£L 11 ^lc. 3 5 -ilL> ^J 5 Jlx 11 ^JjuxJl I .^4.7ci 

(j[°i jLxUlVt Lfcoi^l ( 5^-35 ^ 1 Lr lx. 5 J 5 J ^5 311 t 5 -a 435 x 1 x 3 ^^3 UjJlC-Lxu 

t— X 55 -JU ^ J_ 2 lXx-uJ Lxjfc .^>JI ^ixlaxJJ 01-451*3,1 ^-4-2 JLJ 5 J 1— 4JlIc Ll 1-3. 4 55 S 5 4.7b jJit-4 L^x -15 


( 240 ) 





se—*-u—a «C-CiL]j. $ 3 4—i ii i^La (tl) 4.7 (J5-W 
jJlSjIi (b) (^^2-sVl £—0 30.0 

- 5 1 11 i s 1 .! ^ 'c L 7 ^^ a 1 ! *.J i / a ' . aa tU 


(1.7 aJjUU) JiAJ! 


W- (/•' cos 6) (I 


- (50.0 N) (cos 30.0”) (3.0m)= 130 N-m 
= 130 J 

['.)' >*_$ JL30 1 xx o-° 4_«I*_lu ji i— l3ej 

4_^.^_Ua t F tf “ ///J* 4_o3L>JI til oa 3-3 

.J.CuN (50.ON) (sill 30 ) cLxJaar_"i ... 1 11 3a-3Li 

ol_>ul 4 jJ_5_oX. CjJt {j'i 4 an <511 (Jjic. 

r^\p\ 

^ir. 4J_UJ (_jjjl JJuIlII l <aaia»-l 

. 32.0N Ujl jJLo 4 i aJS 1 o ^j 2 j 3.0m 4^Lt-u-a L^_i^t_i_u i Jit 

.96 J i^UUVi 


a&. 


4 ~li^ L^^ju-uo (3^j 5.7 

l-i ii 4^ ^ *~it4J>j h 4j_j_oIj 4i?l< ii a 1Y\ 
.d 4sL^q 


4.ia i£ 1^. jJLaii 2 i <— i - xju ^£ £--udj JlI£. ^Li_ilu jJLcIi 2 1 £-^!j <J J_u2 
^j\.2uj.t^Ci.Va 4 j~<_i 4 _ui "ifT ^Lf. i **i.i->.rt!1 £_xi^ 4 t£j.al l jj} 

• r ,j SJj^ia S^ILaJ ^LiijV! (jr^- 03^ 4jl_3 

ij-4> JLSjVI £-9j Ju-ki JJljj Jjfc 


ST" 2 - 7 


1^5^ d 4_£>l i.tuA LlJLsI cii^-^o ^3 h 4 _>_< jj I j 4^Uu^ IT1 4 _JlL^ t a r l_3^wLtx^> 

iS* —(b) .^jjJI-ua.II <_ r Lc 4J3 l^j (JJt <«11 (3) i.-t.i*i/vI .5.7 J£ A 3JL> 4 

. 4_u3L>J1 o^k Asz-fu JI <^11 ^ i r - . JjJuJL! 





ISLuLuJJl^ ISLilS^i! f 


... i '^'1 L-j^-uaJi 

B j A ^9 


tjr\^>wU ^_ r LuL4^1l J^L>. 2J 

THE SCALAR PRODUCT OF TWO VECTORS 

* Wf!K 

(jl ' t\A 4jL_£ 1.7 4-LL*JLi <_Luj 1 - 4 J ^^Llt 4 _^j ^.It>. 1J Ij-L " 5 

^L-U^ ^-Xl Li C-*_oJ 4_OJjJoJl £)J ui> . ^yU/l J rill UJ^.Wl.Ti ijr ^J_t-aJ .6 Lj 7.6 

Ijai 4 -ii^ J . / 4 O ^£_xix*_S ^JwC ^Lc. Jw^uJU d j F (jAJ (Jj L xJJ ^_uLiii 

(dot product Ja$2ul\ 44 k. jLUj U LJUis Fid^u 4 kiii! 4 x 44 ) F.d ^LpJI 

. 1 *7 4-LL-U LL£ 

W- F*d= Fd cos 0 (2.7) ( _^Lu 4 JJLLJI ^ j 44 * 3 JI 

Fd cos 0 ; lakji jUa^l ^ (F dot d 1^23) F*d up 
tylb B J A {S^ (jT^^ i 3ll V_}J. iJn.lt J-X^Lv i4^qLc Oj J. i*r\ ) 

^Lq-3 4 - 4- 4 j Ijl j» 3-o <—1 j-tl& ^J_t^l_>. ^jLcuj 4_4_uLi3 4 j. 

. 0 U 44 J 4jj p] 1 

A*B= AB cos 0 (3.7) 

(jjxx 2 _j B j A 3. LI u^P *- 1 ^43 4jj tlajvV . 4_3^l_*Jl 6.7 

. o!jl^^]I 

AB (jr Lc ^*7 ‘ALLlU <jLs IjLg] . A ^.ir. B BjLx. B cos 0 6.7 JS-joJI <jP 

. A ^Lc. B A ji j-aJli 444 k 5-^ 

o ^H x>i!l Lk! L-xa-^L 3.7 aJjLuJJ u-c-jVI <kjdoii u -* 5 

/^.-ujjLai]! 4 j^uaii £_p 4444 ] 1 t^y^Lc. A\B= B A dd cP 

^lS* i_ 4 ^xjaJ! ^yXAi l^ L g il 444 ^ 3 ] l 

A*(B+ C) = AB + BC 

La a \c. 3.7 4jjUU {jA J a II 4 -Jj_iia]l uLl> {ys 

(jr L. Laj <j-£. A (j\S LI , B 4-?r " 1 -^ lj LLIj-^ jl Lj j c . A 03^4 

^ -L 34 ! A B=0 . A-B= 0 ops ( 6 = 90°)B 

l3j . ( p L-J^l ut a B jl Au^^J LoJu-C 4]£dLcxJ o^L>Ji 

up (0=0) <?L>oVi u-“-^ 1 ^3 1 B 4^4011 A <L 4 i-xll u^ 

U 4 -X -4 U 4 L 0 jJ£ u^3j ® 4-acail {^jIjj A 4j?tail ut^ Lj . A*B— AB 
U 3 S 4 . A B= -AB ;lU.u% (6= 180°) ^L-^l J& 

.90°< 8 < 180° cJK Ijj UU (TL) 



VJ- 


jl j_L°^—^ 6.7 L*St 1.7/ 
A. ^1 3..xi u_^L_c*ij A B x -u i—i_aJi 

jJLw (jyiJIj B COS B (jr £ 

.A (jyL- B iLjj.a» 



I jJauJ} ijjLuJ) 


<S> 


A' ol_&l_>oMJ ^L^oVl ( _ r B £__< 2 J *3 (Jo-^_oil Lg—k ij $ 1 4jxA 1I olju>.^ 

^-t-U 1 L £1 H l—lj> 11 <j\ A'B 3k-J t j-X5 xJ- O ijl_^J - 3 J — Xii —jLoJJ JjLoJU tJr ic. C 1 V j 


4^m d)i Jo- Jo j-£jJLl < 


>‘i = j‘j - k-k = 1 
ij = i-k = j-k = 0 


: jJt> oi^oeJ.U Cjljo-^J 

(4.7) 

(5.7) 


'ijjl L \~c& 1 iloS^jo 4-lVjU Lc-^Je jojjlJI B I 19.3 ^ 18.3 (jLJjLjlU ^jOjJ 

A = A x i + Aj + A_k 
B = fi v i + fi y j + B„ k 


: jjti B ^A 1 ^Ll^JI <—11 (j! x.< J-4 -ha 5.7 ^ 4.7 ^jCJ-iLk-ll ^LIojlII cjL^^.1 % 11 ^ 1 jot" t ^ Li 

A *B = A X B X + A y B v + A J?. (6.7) 


Joo A- B 4_loLoJ1 4JUJI ( jr 3 .( 10.7 4_! Lt_cJJ {jr B dll L^S>jJ ^_i ^Jjj-oLaj) 

A-A = A^ 2 + A y 2 + A } - A 2 


^^OE! 3 Et 9 

4j^_-uj>U 1 dil— l^JJ jj^£Li dUj <— ij, ^jLfj IjJ 

. S4_u>.^q (Ja gxJ ^ U 


^yu<l jStl 2.7 JH* 

. A*B o^o> 1 B=— i + 2j j A ~ 2i + 3j oj^ i^lLa B ^ A ^Iqaj 

tiWl 

A-B = (2i+ 3j)- (-i+ 2j) 

= 2i-i + 2i-2j - 3j-i + 3 j-2j 
=-2(1)+ 4(0) -3(0) +6(1) 

= -2+6= 4 


. B A JaJL_u>3 ^^9 A jl jJLo *—i j^> A'B ^jl_i IjlA (2) 

u_J 1 ^ i 1 ^! gl-Jj> -l-aII ( _ 7 43 JjI j {jr^3 diL^otail ^..c ~>J j_£jo>J Jsrj t ±t 1 l ^to-iiil IjJh (3) 

. 4_JjsLu 



Sj-aj JiiUi 3.7 

^4Ji->%il (_ T ^c* LoJlIc. d— (2.0i + 3.0j) m LkjijJLo 4_>3yl xy ^yi .mil > • 

.3^_oJlj 4_>.I^VI Ijl jJLa l-uja> 1 (<i) F= (3 .01 + 2.0j) N i_Ajt jJL« 6^3 

»cW ( 

cl = ,Jx 2 + y 2 = 7(2.0) 2 + (3.0) 2 - 3.6 m 
F = V 'F ( 2 + F v 2 = y(5.0) 2 + (2.0) 2 = 5.4 m 

F SjjjJL (6) 

J-uaj&j 5.7 3 4.7 1 >oJjiLjlJU ^ d 3 F ^ 

W = F-d= (5.0i+ 2.0j). (2.0i+ 3.0j) N.m 
= 5.0i. 2.0I+ 5.01- 3.0j+ 2.0i- 2.0j+ 2.0i- 3.0j 

.d 3 F 0^ iyW 

35° :2uU*Vl 



= 10+6= 16 J 






(JjLxJI 


<ED 


WORK DONE BY A VARYING FORCE 3ju£m3»2j JjjuD N 3.7 

oL>oi ^^3 4_j>.ij^i - 6j- x*-l a o j3 j—ul3 Coo X <?L>oi £_jjl 1 .^_<-uj>- 

JjJLuU jjt rjI Iwil.-.j-y W— (F COS Q)d L-t^bu^ i JuS> (JlLo .Ay ^1 Xj fjrA X 3aL) 

Uj^_v^3 *xU J J -^3 *<?L>«jVt 3 j l-bill ^3 <IubJ! 3j_oJI 4 JLw {JJ ^ t Urt4 jJ^.~i< aj 43^L*JI oJ3 > t o^JLlb 

* 

4 AjIj jjA" 0 U 0 I F v 3^-]! <^jS^a CjLb 7.7a ^J^-bJL La^ iAA 1 JlJ>- 3j- j uuo 4_a^l 1 u r*S 1 q\ 

LiJ 3^_aJL J^x ^jujtlil 2>j.ii^\^}\ CjbvIjVl 4_jLv (jy 3 . Oju-a }I oJlJL Lu^-oj 

AW = F\. Ax 


t-F 


*r<J ! 


Area A :\ = /\. A.v 


>0 (j! bjj).i^>~i La Iji .7.7a (j Sb -uJI i;jr 3 41 11aU 4 . L - L b A _u.l 1 4_^Lai <jx 3jLx jljulil ljui. 

Xj {jjg J^Ju_U /J t Ai! 1 ;j^£b -L-Luv tCjljKxoli oJUfc JLo J Jx {JJ j\ 4_<aj ; a 33 X 

1 J^JL>tit oJi-A ^y>a y.j F\ AJX ^- ^ .g^ Te -a bj^-d_i (j£^Lxui 

-b 

IV - 2F x Ax 

X' 

AJLX yLb ^ '*. uail 4. jX>L~i /a oL>bj)V! CLl3t..l.i^\ La Ijj 

* AjCLo- ^b> l_L>. yiJ& AJX AJJu>J1 

F^x 3 A A—>Jt 1 4—>-l—cLLl ■<■“ * 3 A A. •>■ a 4__^_o_S ^j-xj t— \j- ~ o j 

x, x J5^b 

lim Jf\Ax = £ F x dx 

At->0 A - ( 

CAoo 4__>.l— uaJLI bjAx. —i_tu J-^l^LJl ! J-£t 

J » A 1 1 rj£. j-f-t * " l \ l 1A 4 ] . Xj 3 X- (J \J A £-A 

Aj X- {y& ^a_ca-^Jl LxjJuX F^ 3^_3JL 

'oy^-uZil i 

-^ 1 ^ w = l: F * dx ( 7 * 7 ) 



(a) 



3^.3J1 j L«<iii 1 (h) 7.7 Gv 

F x Ax {jgjL*Li Aa' 3^-lju^o Cjl 

L« dJl .jJilaJU ^J_iU>’j.*-,. 11 4 __^-\ tu A lS3^ ‘“'3 
(^jLujJ Xff^\ X- ^_ya 4-^.1 j^U tjj J—(_ 7 i^-ll 
. cj*^ _'L~i .• u l! b^-1 CjLwLjJU Lu^ij 

— a] t x 4 1 —Zjtt {j-4 J^JU^JLl L t —Clr T1 (b) 

.V j- [J7 J1 Xj j_vx 1 LjJAc. o^jjlLc 

. IjLA Coo tfL^Lu-U LaLu ^jLcuJ 


£j 3 ^-3 1—aJL_ix 1.7 4 Ja1_ *X\ ^J] 4jjl_ai aJJb 


3^3 ^ jAS\ aiiA lij .4JLil3 F = Fcos 0 4 _aJS^U 


3j LxX jX ^JjjL.tJ.1 ol - ^ ^<-4tJ>Jl (jy-lx 

^3 ^Lu^ai 3^_3JI Lb^ 13 J .4 L^ai 3^3JL (Jjjl_aI 1 JaiJl 
< net work -Ji_AJl ^13 JF A x 

Xr ^1\ X- £j-A p «.n ~a 1 La JuX ^J^JiaJLl 


S^= W M =^(F x )dx (8.7) 




/\(N> 

. 1 ® 


i 2 :t a 



x( m) 


^lilv ^ ( _ 7 aJl 3jJiIl 8.7 

jL_j_ a\ 4 _<L_a_)L 

^yi X £_a Lain ^^lSLuj 4_£^_»JJ 

^KJI JA_rJI . x v = 6. Ji x n = 4.0 

I Jui> C^>o 4_^ 1 i.ii 1.1 o^jjJL J^Jall 

■ ( _ T laiJ.I 


ISLtaUjJlII^ tSuilSLdt iJ$Vl s^sJt) 

^LuJi {y* JjJull (^i52l (JjLuJI uU> 4.7 JL %» 

1 -mi.a-1 . III •>• ur lc. jjjj A" j-a j J « ~i~i i jJa 8 .7 i ~ i l I 

A' =0 cJ^-PeLL Laj-Iil |ftm LT^- ^3-^ 

■ A-= 6.0 <J\ 

^<3 ^y-LfcjJU CxJ>U 4 -J^Li.u U \S3 ^— *- u f ^J-dJl-! l^A-U-U jJ-LaoJl 

JjU~, ,n 11 4 _^L«.u. >3 ^jLi-u-j 4_>.LaaJ.l ojjt Xq— 6.0m x A -0 
CJ! cJLli 4 ^Lu^ ^1 4_3L^VL BJ! 

c<_LU1 4_>.l_(4.0)(5.0) N*m= 20J {jr & «.»>XI 

.25J JSJI Ji2JI 03^ j(2.0)(5.0)N-m= 5J ^1—3 


^ju. > > 4 u imi mi l £yA (J_j.Xa4l J. i> i al l 5.7 J 1x4 

1 iv.jI i9.7a iiilL Li£ —^Jl l-^I^JI (juj^n 



F = -1.3 x 10 22 lx 2 


j^yA 4 mi J II 4J9l—tail I (jy-& X C<4^ 

* * 

_/."i,J1 1_aLLLvL 3 l j il-i-i (j\£- (jXl 

1 —oJlxc. {-Xc- {j^~^—iy cJ3^—3^ 

^Jl 1.5 X 10 11 m jx> 1 g 4 iii a_3L^J.I 

.2.3 X 10 M m 

3j 1 2i*2' ^ 1 ^i^j 1 ^jLull 



x(m) 


jl 311 4 _I_}Lju^i 4_jJ 1—iaJl 

•O- " ^ ■- “ ‘-N C^! 


(ju^J.1 O? <^P- 
(jl jJa^iU ( j-o ajls ij. nn i ni l 


j\j jujai^a (a) 9.7 4 J 5 m 

^_>3 t_ lJj _3 J_a {j-A l 

i>l—^jl ( _ y il ji iai—<3 

LT^-^4.9 -‘ i - !l (>» 

jM-ij (b) .^cjjJ .1 jljua yc 
^jxQE-gil £-A c_jjL^caJl 3^3 

. ‘ X\ I I (3^- 5 , ~4^- 2t -41 


(S) 


















4j=» i JiLUi 


j^yjloj ^U-*jj <J-<0 O^*-* 4jBJO 4_3j^_Ld (j£l ^\ j^jLu ^ju-uj ^>1 jJt-lt-uLj . LJL ^JjJLa-U i JjL3uJ! 

. (0.05N)(0.1x 10 11 m)= 5 X I0 8 N-m :UU* SSxiJI 7 ^ J£7>Lb . 9.7b JSLiiL ^oy> 

^^L_aJ (X j^sz-A O_>o L$jV 4 >JL_u ) 4 iKll 4_^L_u3i <jj-3 tjjiia.d 60 JL_>. jj 4j 1 Ca> J 

lx. 1 4_!ju-j ^liJI ^JjL(-aJ 1 <bL! 3 . -3 X 10 ^N*m Llj^_4u 

. yS\ 4 J 3 J-5 1 \c . ^JjLOJI 4 <; j 4 <_il < <1 ~>J 7.7 3J_}L*_U jJtXi-uL> La£-<D :^Ld>^tlt 

. n = —2. j Lu i c.L) B.5 ^j^o>3! 4. * j.'^ 11 ^jw^iLu-uj L_JjLb (_)jqL£! _J1 Ijla _ >-^ 


W 


23x10" -1.3 X 10“ 2 

H* io" <—7— * {x 

( \ 7 in 22 \r 2,x,<) " -2 i 

= (-1.3 x 10 )J |5x|() „x 4* 


= (-1.3 x 10 22 )(-jT ) 


23x10" 

1.5x10" 


= (-1.3 x 10 22 / 


-1 


1 


12.3x10" 1.5x10"/ 

= -3.0 x 10 lo J 

£-jl3»31 irux ).I ila >3^ 5^-* L^-scILa L>^ (j-u^-3,1 jL-u-o !3j La 4JU ijyS ‘3j^ <-3 LlA (J.A 

* i y~a.Cj i.uJI 

3^>>LU jLJ. 1 ^ic. £jl3>jJU $ ^ji JJ-sV! ^3aj3l ;It-3 4 W 4 a. j4 44 *j * V 

. ^yGla-AjLli ^Ia^La (_y u 


Work Done By a Spring JjLuXl Ji^Jl 

a« L7 -L^ J-^j * 10.7 J^LtlJLj L$-£ JjudjJ.1 3j_3J1 j—iiCu 4_jB^ £_!»Li H i eiJllA 

43 Lb 4.H-3.i Sja 3<LbU itI. ilai lIt> ji J. ,tn ^_j ijl ♦iiJ^.a ij ^jm!a\ ^.3 31 

LajIjlS^j 331 ^lc 3^3.) j3Jj 

ci]^33Jl3^B = -kx (9.7) 

3J-3j 1 cluLj ^4.Mil 0-5 Ij k J (x—0) 4 j i If ^x3^3 ^yA 3 ~t 11 4-^slji ^A X Op. 

jl uLL / <i.i iVi jljL-3_^3 j_>3 c x ^L33j ojjJi t xlajl jl 3a t in j .5^ <Ooj^U( 3j__3JI (jL-5 3 jj x^aj 

oL^l^VI (_yB iL*> 3 .^ Hooke s Haw ^iI^a ^^ 3 Lb ^^ <«>_^ tiij—. lj ^JJ 3 j^ 311 ^j^jLb ^ n_r>~ 2 u .3aL-i_j-aj^i 

. 3j- 1 k 4j 7^2-5 (_J_uaJl I 4j^L ua ^^xiLi^c ^jLo k 4_<mB . lju>» 3^-Ju.aJI 



.iiJj-A Lr^ (OjLj ik oijla-j (jr & l L4 



tSLcaLo JLlIj ISLulSLcI' :J^V) £^b^uth 


^L>oi ^ y . u\£- ^>3 L^jij ^)^£Lj 0. / <$J jLxJJ ^3 ^edLt- nJ 1 ^-l u 

1 -iJL<.u-ll <?L_>oVI ~jLi-jjJ 1 4^_>.Ij tiJ^wu^Ji c 0^ * i0. /ci 1> JSL-i.u j L} L<iS a L*j-Lc. . 4jx. 1 j)l 1 

. xJ 1_t->-^i.1 _>oVi < ^~^ r <-d^— ° 3 -^‘ O^ 3 10.7c JxjJL l -&S .v <0 L-cjJ-c . xJ 

3^_3 jji cLi—s_^ . /'^.— 0 ^LUL^ 1 a ^3 Ju->q oV-^ 10.7b ^JSLCuJLj L^..^ x —0 b,_^- s 1—4jJx. 

Restoring jljd^VI -.jLc*-! l^J l^. ( ^ 1 L^j (a~ 0) «?L>ol L<ub sJJ^_ljJJI 

^<5 cJ j-^Is-l ■•■ ■•; jjLs -A' nrtx 4-IiuiJJl ^aiJl x^r-^- i -d 7*^ ^ f-* 1*^ * Roi*C£ 



i 

x= 0 



ciJj-j-jjJl L^j j3 _^j j_ujuu 10.7 ^SLttf jfff; 

ijl^jVI £jJaj-^Q |^>j A' Qj. Jy. A^aJI 4_>.|jl 

Jui^ 4 _l>.^o .X" {j_j£-i La jJjC. (tl) A—0 
(je^J LaJ_ld (b) . jl i k jli 4-jjvLj 4_^r5cILa <jJ^_j_i^Jf o a3 
3(J^3 ^.t-LI-bJ1 (JJ)t^tl j \j..,2_iS-> X 

data x^o-A j 4 _lJ Lj_u A' LojAiL (c).!^^ ^jJI 

. (j*U4-J 1 4_^>-l_J 4 ^ •> ~i A i^iAJ^-jJ^JI 

—(Jiiii 4-^j) La il x £_« F s 3_^aiJ j^Lij (d) 

1—cJwLc. Liij. _ ujJi 3^ j3.i ^ 1 M 0 * > ««ll . t_fl ^._i.j jJI 

4_>.L^a Zero ^i -x max 

L 


* = 0 
I 

(b) ' 



b~ x —i 

.x= 0 


(c) 

/•; 



<S) 




l 


(M9> 


| jJ-i-jJi 3 j^nj ct- 1 -^ 3 4jj_3 dJJj ^-u .Zero 4lo-g. iIjj ijl_>3 "'^imx l 3- +A nrtx 

Cr^d • Zero 4-LiiJLj IjU -A' max ^1 +A' max eJL h*^j uP 3 ^Pp fP +A max 

. LLfcji Cjjujujl +X niax {jy-M -ijJLiJ 4_J^L>oi (J-fliii 

^ Lied . 4^jJu ^ (jljjVl 4ia aj Py 5 A nla> , 4_bU_tii jl.cu.ull 4_j_>-Lj 4_jt3J J-3 -jJI <j1 l j f ^>j^3 \ 

jx 1 Li . X j? =0 (_^Jj Xj — .T^ ax L^die. LiJ^jajJl £>yJ$ ^yA 3^-33 Ws I 

j^LC- (J U2JZU 4HLoljt>l P^-4-J 3^^^ 3 U^J-^3 7-7 4i^UI 

w > = X,',' F ^x = /°,. (-k*)t! x = HvL (10.7) 

3jj0J 3j*-*J-U JJt lull . ft—1 ^ fx 11 dx = X n+ ^ / (n+\) j-x£- 3 d l£JI Lia jd*-~i i III Cip. 

3*_dJ 1 l_4 jlLc. . Ls Lc_ & L : J £ j 4_^.ljVl i>L_^o! ^>xii-i {jyS o^-* 3j_all L_u>.j_4 

^ <3 W s = \kx; mx 3 ^ Xj= x mHK 31 x t =0 <> 3^' Jj>3dl 

3*- iilt 0^-3 td-^J . jLj-u-iJI ^31 dJ^-i-s^l <*3 0^^ Lq-Lu Cj^a -ill 4_pwU 4-3*!jVl 4^^_>Jl ^ys ^331 

• x f - A max (Pi Xj = -X niax Jaill LaJ-^ dJ^PjJI Sy> (j^5 Jj PPJ eP^JI 

f * 

4_>- L_u_>3 ^yjt 10.7 4_J_}L*JU z_v° l—1 3 * 1 u -' 1 ♦ X ^4 Fj, 6^ (1 11 L-JJ Lj-J 1-4 -^uJ 10.7d JS-jJl 

^'max t Li3 - )l 7 A rnax <Gac1 ^ -j^=>Jl cP! - A ' ma x J^l cullU 

. 10.7 4jj>UiL ^xzila dJj-jjjJW 3^iJl 3-^3 1 4A^L_*i- 4 (jl^ 

ullj_u3^^ °3-^ (I) -4 3j‘A- J -0 3i_^Ji oS^ Xjxt>\ X— X- 4jjL_jJL>.i 4_>.ijj 3^ ^^ uj_L r>-1 i_4 I jj 


W s = J^' (-kx)dx = j kx f - \kx 


(11.7) 


Pw3 3.0 cm | -^xLx^> 80 N/m c^jIj !3t 3^—^*^ 3^~. 1 ** cr^- 

y&> Xj-~o £-a*3j-A ^ji -3.0 4^L<-a_4 3 .;~ 11 L 4 jlIx. dy 3 33‘A-3^ 3^h o\^ 

i^\ j^jS \j.Jlx^> 1 .»>n tilj_i_i3^^ 33 ^- 3 .! 3 ; iitll ^( 11 .7 4 J^L*JL 1 0 -a l t^>jl . 3.6x 10 ^ J 

0*XJb ^ ^XsrZu is J t—3^ t m . (^Xj ~ Xj -) dll Ju iZt Cy 6 {_y$~ l s ^ 

jjy j J. !t *\ ) ^yjjJu -L M i^3ii Ij 8 3^-4 3^ 4— 4 L 4 H 4.^r. 3 l 3 I 

. 4^^In,/1.1 CX.&3 dSjj>- 3 u^~H 


A-;=0 







—uJLj j_).iiJ xal ^_La_i_u ^ 1 r. J 


- r r A max 


lP! 


I JljJl^A »J r a-LJ dd^Jl Ijl *F a pp 

Cylb jLd3j (^^LoiJ 4 .Awl lull ^jdll 

4.1^->J jlLc. Oi ^31 


di^^L Jjjull JJcdJl 11.7 3 10.7 0 W 3 UI ^ 

c3" 3 j , a- 3^ idcj (jVi.3 ^-1 13^ 

dlExternal agent ^jLiw 31^ 
*11.7 3 < dl Li 1—*^f = ^rnax c^i ^/ = ® o-* o 

<4^>.!j^U 4 _^_l 6 (__£i Jud. 4J5I 4LA>>*^L<u 3^-dll iju4 ^_ :L_*_ll_>. 



LSLy»UjJji^ ISLulSLdl :J^Vl^b^uall 


i j-$J • F— ~i~kx)— kx '-lU jJ o<yki j^o L uu j F a 


app 


app 


3^_5J1 (jl^ 


: $Jb ^^jvjUk]! ^jjll) oynl\ cJl^j (J^JjJU ( J - t - iuJ 1 

w f. .-jf. F m *-£-hdx = Uw 

. ipVl 0.J-& CjI Jl^-V ^ J —i— Li JixJ1 c-fcJLt_u ^J-». ha 11 1 ^XA 



(a) (b) (c) 


<ULlxj —i_oVl .i_fJ^_Aj^_U k 3» <111 cjjLj 12.7 

5j_5 ijl Cep- . mg 4jjj jmi ^ <.«. ~vJl_i ajJi ( y J a 4j_}G»J i 

.A — mg/d (jpi 4_ujL>Jl 6$£> ?~a uL^yjj^JI 


fJJjmAjji k ^aLiS 6.7 

^jGr-Tt-m'i 4 _suI_2j 4_5jp_L> 12.7 JSwclJl 

. i_ijjjjpJJ 5jJLlI lIxj u 

4_uU£j l-.t...4.tflj c£jj—jjjJl (3-1^ 

(JLLxi_i_u! mg ^_uLj Ci>j . m 4 _i_ lT i£~ 

5^j3 tj] Ca_p.J ijfA d 4^L_a_« 

4_i_}!>L>J1 £- A oj-^ W- 3 ^ ^4-jvlp^j j 

(J? _£i. ^j^-4-u ^LLa_Lll L&juui^ mg —*-«V 

it i * a ^ ■ 1i-* j 1 iK/|i 4_ll_>*Jl 

k = ^ jf IF 1= M = mg 
d 


tj]-^ 0.55kg J^_il*_j jJjz iiJJ5^ 2.0cm 4jLxuo Lil^-u^Jl (J1 Iv*«»1 151 (JUill ^ i 1 u ^r^- 

^ aL_uj 0aJL!l 

* - 2i = »wwrf) = „ „ ,„ ; N/m 

d 2.0 X 10~ 2 m 


^ Alt^\ _^J4/7tt( A^jVs\A tt A Alt«> ^ 4.7 

KINETIC ENERGY AND THE WORK- KINETIC ENERGY THEOREM 


d 



d j-uo- ^Lju 13.7 

ojyh ^j]G Cj_>o 4a C-j-lm ^3 

£F 4_l3L-^> 4XiIj 


JjI iUt a ^LUl oyi-£ ^JL5r "x a-uJ (jl ut jj-a 

4_b5CjJ 1 <_r^J lO - 3 ^ • ciillA . B 41 » a \S3^ 8.10 

La 15] L yUU j> j3G Ca_^j 4- a (J4J 

4ii l —4 CjI Ju^.1 (jAc. JjJL_d,l JJl_ajJ I <—il—ui-> 

. ^ < it ~>vl 1 4 c.^lu ^y-t.t.21 i )La_aJ>- < nil -Xa_I-J->- 


! ( 2 ^ -C .ill dJj. ~X- "i ) m 4_j-h ^ |<i.aj-V 13.7 ^C_UD^J 

4_ji Jl_>u 4 4Gj 15 3j 211 (j I cx_pwj . ^E 4_il^ 3 j_ 5 j —li G 
4_bI . f. 4.1. <S tt •>J 1 i \-A 15] »<1 dulj I.a.i 1 ^a_uJ>Jl ^1 

^ JjjJLi er KJi JiiSJl d 




4 *—I (JiiiTjt sj_)LaJl 


(mT) 


2 ^ = (S^V = ( ma)d 


(12.7) 


llblij LcjL^uJ fQ.u n->Jl LsJlI^. q -i Cjii>L«Jl 0JL4) oi 


d ~ \(Vj + Vj)t 


a 


v f ~ v i 

t 


{ _ 7 £> CjI^M_«J! *>jufc ( _^lj^jlIL!Li .t * i - LC - *'-£..>■< *41 U7-* 3 t = 0 4x.^i.li yt Uj o-i.-v 

:ol ji_>u 12.7 iLLil 


JW = 


m 


i> 


f 


II; 


' 1 


/ 


j(v t + v f )t 


i 


mv ( 


jmi’i 


(13.7) 


( 3lL>l q\ jii 0 _A_3> . ->J \ 4£y_>J 4 _ljv 1 —uo U 43lioJI fflV'j jljL_ai.l (Jo^u 

Jip JF o± 2 $\ {y> JjjlJJ Lt 1SLI! J.t Ail .Kinetic Energy (^U. 1 4 -dc 

. ^j_uj3eJJ 43lio ^3 y-JuJI i^Luj f<i jl u.rw 

_J u3^jl 3 D 4c.yj_uJ djyjtelu /?? 4~J“K 4^>->Ji 43 Ho i4_aLc 7>j^u=u 

u>>- 4 _l>.Luo1I 4£j^>JI 43LE) K = y mv^ (14*7) 


> £JUU 4 j*t ..ujvV i-jLdlLa 1.7 


(J)as^tasti. 

(m/s) 

(kg)acoi 

(^U4^l 

2.65 x 10 33 

5.98 x 10 4 

5.98 x 10 24 

J_^v jaj$\ obi- 5 

3.82 x 10 28 

1.02 x 10 3 

7.35 x 10 22 

o^j^' ubi J 

3.14 x 10 10 

1.12 x 10 4 

500 

4c.yiut4 lijj SK~a ^JjLu^ 

6.3 x I0 5 

25 

2 000 

55mi/h 4-c.y t u i ^jLu.u 

3.5 x 10 3 

10 

70 

(— lC.^ 

9.8 x 10 1 

14 

1.0 

10m 1 ^y° 2»^j) ^ ‘ n 

4.5 x 10 1 

44 

0.046 

<LuL4lil i ^LC-j-t-a JaC t-,4 jyo. Oj£ 

1.4 x 1(T 3 

9.0 

3.5 x 10“ 5 

4_u i ^ 1 1 i 1 ^ i j ' " 11 « s' ^ t-*s a Q^y lo ^ 

6.6 x 10" 21 

500 

3.5 x 10~ 26 

oyaeu^Vl 


. 4_u.b>j)Vi 4_ubl_>JI £ya (_jj>ygJl 4 uSL«_j Li {_ya <_Uyfl 3^3 ^ m.>Jl l^^lc ui>_J l * 

^u^i.rv iiJy> ~n LqJlLc JLUi J.iilu .^JjL-jJi oi J*_o »y {jM-du i^J 4 _li »L_i3 4_j_c^ 43 Uo 

^LilvV 4^y_>Jl ol^LLu <L4 jLs 1.7 JjjloJI ^laju . 16J 43 UU ^jps 4.0m/s 4cyj_aj 2.0kg 4 i l r ^ 

. 4x. yOo 

:3jyuoJl (jy °> 13.7 4JjL*J, 1 t—CtS L* <jl LJLc ^yo 

= K f ~K i = AA: (15.7) 

K i+ lW = K f -o\ 


ISLujUjjJ^ ISLul S L d ); JjVi I) g-LjjjaJI 


LoJuLc. 4 j! >loo' ^$Jd (_yz .4£j->Jt 4_2LL> -Jit nil I Ajj-LaJo 43 jj_*_4 4j*-j_oj iJr A 15.7 3J j>L*JU 

J-lc ^ a n -> J 1 Lr lc it^uj (J J—O ^Ull < S±21\ £-J~-4_>- jl_i_Lc VI ^3 jJ^L) J\ 4-jj. LJ l 0 Jo£> ^XJ g -L L . u J 

1 (JjL-tUlJ 1 (_J [£ 1J1 JI Jj3 ^4-4 -u.JhJ 1 4-C. j_4_c (J i V \\ ~>- >L 4 4-1 j la. i 11 o SJb ^j-4 . {J J -A—tl \ 1 (_}-*—4-uJ 1 t-J 1—uu_>- 

^u -u- -^ JI 4 x.j-4_u ^a- 2 Lijj , 4_ol JujVI 4^j_>J 1 4sLL> ^j.4 J^\ 4_uL$_l!I <l£j_>JI 43LL> L)V Luvj-4 4 jJlC. jJ^J_d,l 
• 4_uI ,-CuVl 4-Sj^Jl XiiLLa ^j_4 vj ^^ 5 4-uL^_J1 4^j_> 41 43 Lis jjV LjJLj-u jJ^_<_uJI (jL£ Ij) 

4_^j__>J! 4_3LL> ; ULcL) LtJ ^.aail) 15.7 4jj|_*_U i yA 7 j-Lo 1 3 5-4> L 4 .fi 4 _£j_>JI 43LL> ~~ 1 > J^ s _4ojJI 

LT ic . ^ - i - i ±- ~> J \ (^3 4-sj—4_>JJ 43l_LaJI 4 -l4^ 3^ i C)3 ^‘- u ^I 4JL>- ^Jl i J -uzu y^->- ^wokJI 4 JX -0 (^lUI JixiJi 

1 4 5 4 1 to ^3 jl . 4- <-0-4 Cu - l-j ^3 ^ JlJT-Ti J-4L.) (4JUJI ^3 Lt!uJ_£l —uj ^j-SJ-IlSI 4^jUlI,l 

I . j 1 4 t n 1 ,1 lr . ^yL- i t-i-u Ji)l,_xj*.1 4o£w4-i ^LULij 4^j_>. 43 Lis 4 J I ^jujjJ^LLuJI . 14.7 j.J^-4-uJLj 

d ^ j L 4 - 4 . 4 j.il lr. /jojj-fd— J u J 1 L$J jJ^_J ^3 .B JI da.4-u^-JL4 F O -u r w t t (I ij?3 l~ cu j jl—4-oaJsl ^ . L c. li.1 




1 $ 'i\ lj t 4 _ojLj ,j j£o jjl 4_3 LLd —Jot-jJI 


Jl^J 


X <5L>ul ijr ^ | < l. ^ ^ In 1 5^oJ I ^31-UO I t l_iJLJ li !^)_4 J^Llil . 0 J-JJLJ-4 L4Ja£. 

J-i-i-uJl 4 _jI_j_£ 8.7 4jjl_*J,l ^1-i, ^r"i .j,»1j = fTM^ ^jLjJI ^jj-o (jjjl-3 ^ 1 1 Lu^-4 j - ^ (jr^ 

U^JjjuJLlJ^I 

2 W = f!' (2 F ' K v = f>! ma * dx 

1_3 iX ^_4 j~jl,x3u 4 1 t.s\ >J>.I 3j ) 4 I I OjL^ Ij] 

^yA 4_j I 1 i's\ > I X (jydc. J—4—-«—*—J 4-C.j—4-u] Ij ^-J L - 4 . U — JI 

ou_) Lj ) l_3 t ^3 4JI Jl^ t ^y L 0 - 4 J- 1 JI {y I t_3^J Li I 

♦ JyJLJI ) 4 aLiicoa ) a ijllS' ^ 4L...LJ1 3juila 





dv 


a = 


4_^L1d ■> aX I _vL^_S1 M.l 1 14.7 (JSLur 

jLfl—^JU M » < “ J j—u 4jl_3 I ■ A j 

. J^jLtkJI i)Ljj Ualj 


dv dx 

— — »— 

dt dx dt dx 

cLojLuJI 3JjUJU a J 5 <ij ^11 ajuk «~ 1 L 

:cr l^ 

YW = f 1 ' mv^ 1 - dx = f l, mvdv 
Z, Jx, dx h<, 


{_y-A 1^3^ Op^ tO^J-AA ^Lt-u JV j yM^ly ^xi 4 41~>-V1 (yA <Xa^CUA yC- BjLtX. ylj^\-i!l±3\J jU« nil (j) CLuXJ>- — 4j I JijwV (4) 

oLajl_>JI j l ..4-4-u. U ti]^_3»o jlJuC. Loiajj .^1 jdao^aVl J \ C. ^u^^LtfuJIj jL 4 - 4 -u.il 4_a_6Jo ^-3 l_<.A Jj jjjjj^LouJI 4_$j_^v 

jl 4 4 4> i l 4fs jj>. 43lL> jlj_co-i_ulj i^-ip e-<.^i->J 1 j jU_^JU t ju v Bj^xa$Ji Liil$."t^-VI Bj 3 t^l jU i ^) VI I J^J 

4jlj-o>J! 4_>.jJ j-i 1 . 1 1 4_LO»-l_o^il <4—31-LrxJ 1 . JojLj>J 1 4oj_t.uXJ 4_3Luo , ^l_> i.u LJ lj jL 4 - 4 -u.il 3jljo>. 4o>-jJ ^LBjjI ^Jl 

.20 J 4^3 Jw^XilL) l^-ulj^ 4 »j Internal Energy 4 - 4 LIjJI a^LLJI Ur 4 -^ 





i ijjLuJi ijtrarfljl 


C 3 ) 


= i” 71 ’/ _ i /777; , 2 


(16.7) 


^Ic JjJuiii * < ull ^^LjLds 
43 LL (jr 3 j^jOJ I ^jh 11 j 

3 I ^JLlLx_uj tlj£L> .U j^yjl X ^j-4 j. a*!.U j>-j-t »..) 4_j^ U JT ^C-l 9 jJ-olSjlII JJJo- j-l -ljlj ^q_j 

. ^ m i .-> J 1 43LLri ^3 ^..t.L.l l (jCj L.u J 4 jlf j3j3 / jr l! 1 3jJLll ^^LuClj ^ <h ^le J^j-dl jJ-i-jJl 

. 0 j_UL^C ^a! 4 HjLj 0 j-dJi C1 j_)L Li Lo jLlci 7c_l0t_J-O 1 J3> 

Situations Involving Kinetic Friction j^SLuLUS lUiS^LsU c ^ic J.* uJ L>VL» 

^.Lj_i_u 3 -I ^ 4ibj_>- 4 j^i1jJ jJjz. ^ L xlc^/1 3-iv.Lj ( j r ll 1 JjjisiJl 

^L. “tj c_jLL ( *_3J 4j1 ! 4 I . LlllSJL^'^1 c a i.^u 4£j^>J1 43LLd {j ^3 Jl a all ul^o.^ ( _ r 4> a 4t 

L.a.£ V j • 4_ul ^Iji 4_c^_uuJl ^Ja.3 d 4_sl_i-u-o Vj 4 -t a 4 S 4__ol jJL>l 4_c^_iuu ^ a 41 

5j 3 x_! t_JLJl <>L>oVi iJ7 3 LcjL.ii! i_jLLjl <—)Lu!^1 ^3 j 4 _^>-jL>JI ajiJi . 15.7 (JLi U JLj 

4 LI jlojVI 4^jj>J1 43 LL aL>ol — jLujJI al_>ol ^^33 j!j-i (jt-*-11 ^UuUS (jJLLo-Vl 

. I m Vj? <c5j^. iSLisj i mtij 2 ^ 

jjJ3 ^"Jl ajq.t->-jJl Sj_iil ^jl C'.lv . H_L (jt 4i£L_> <_iLLIl (jr ic (^yjLJI u ( 33 -*^ 3 J jLl 

5 L£" . ~f jr— yyuiy. ^ L* .\ ^j-lj ^j^Ls 3 L 3 ‘.ciiliLrwVl {jr A .x aL>ui ^3 t-jLiSLli i _ 7 lc 

iSJjsd! u r ^ 2 -'u Xi - 2 = 2a v ,<7 ^ 12.2 ibLjtJU r.^lj ^ ^3 4_£)5L*_n <?.X^. 1 (j^jJ^-11 

-/^= ( ma x )d= \ mv x f'~ J 1Tm « 2 cr 1 ^ jjb 


tiUSi>-'2l ‘GsGij 4SJ»JI jLiaJI 


A K, 


friction 


= ~ V 


(17.7a) 


H*- fl -N 



: "fj^d i _ 3 Sj->Jl giILLv^I <Gjl>] (35-11 4£j^>J! 44 LL ^3 j^Juil jljJL 4 a*_luJ 1 aJuk 

i jLL -1 4_1 _£wU ^3 !Jj a all 4_^j_rHil 4 _bL 1 o s j f A f-j—^ ‘— 

43(jJj^ ^5il j-J^Jl L5Ju ^3 t_i_4>Ju ^LJlj 
dJl5v! .>»VL Jjjl_lU /JJt iii 11 ^jLi-uj —jI’d t4 ! j a tJI 

^liS 15.7 JSLA Jj:> -^ 1 Cr^ 

-u... ^ ay? 

LjJjC . ^» sL£!t IjlA (j^a III 431 L.llj 5jlj»>Jl 4 j>.jJ 

i.ii.2>Jl /jrL. — ^jaJI 43 L^^Li — id lfLcw ^H j!jj 

. 45 ^j 11 43 LL — • i*iiJ 1 4 jj_Lj 


<— 1 L 1 SJI 4_C^_ui . jL.O.J 1 i>L>«j j-!jj ■ => - 
. \'j LLu! 4-ILcj-iuij v- 4_Li!jJL)Vl 

^_3oj3 4^jaLj>J' <>jSj 4j 

uL>ol oLjJO:IjlL« L^jV ^jyL 

(^5^- ulj-jjp'^ Lq-4 .4 4_^J_>JI 


+2 IV „,l,er-V =^f 


(17.7b) 


jLi£J 1 S-c. 





(2b>tSLulSLdl *j/¥l I) *b^urfi 


• ^^-pLLiSJl ufJlf2o-Vi ^.c lJiEscj ^^2_> ^ x u.-fajl JjJuJU J< t"u 1 \ ajxu s Jltxu 2)W^ 


other 


<L2 lLo ^\>3 ciJi5>JL~^^i Jjjp <jl (jSLaE <J-& 

<^U ^rtn ut Jaj ux^ 7.7 J Li* 

4 jxjli 4 . 1—3 3 ( 3 j) 1 >ql ^341 E < << ^ If <?L^>U jj^SLojJi 6 . 0 kg 4 _H! 0 _^ <-.t< <1 

.3.0m 4iiL_u^o 4^_>u Juu JillI 4 -C-yj-u I . 22N LkjljJLo 

(Kinematic) 1^- pL ^^ 1 ,-u! L_La£2c_5 Ijl^J Lq-^j 16.7a (Jf^Lca 

4jj>3^-«J1 3^3JI (jyh .Energy approach 43 LLJI ^j-^u f ^ <J>Jt Jj ^ ^11 

.4jJi9i 4j>-lj5M (jj O i ^ ^JJaliJI (jr^ 51 « mi u5/ a t . ,.lj l q t ( _^iiJ1 ^Ll 4_u33j5H 4_u3l^JI 3^3 

j^JLc. Jjjuil (Jj .~31 . 12NJI 3_j^ (jji t J-3~JI ( _ ;r ic 3^3^11 S^ill (jli uJlS! r <. -> .l 435 ?j 

: (JJaliJl 

W= Fd= (12 N) (3.0 m)= 36 Nm= 36J 

i \ j n tsi 4_ul Jl3j5?I 4_£^j>J| “L^LLs (jl 4 4^_j_>JI 4JaLlo —(_j« 3.11 Sj^liu ^>1 Jl 3»- "i .»L 

: <4^ 


W = K 


f 


K: 


\mVj - 0 


2 2W 2(36J) 2 .2 

u f - - -= - = 12m fs 


m 


6.0 kg 


Vj = 3.5 m/s 

4 i\ i~)l ^ m5II 4JjUJLI >'. 1-3-" i ..1 * 4 .‘1^:11 ^jLtuj i 

V = v xi 2 + la A 




v r= 3.5 m/s a = 2.0m/s 2 :2-»l>.Vl 

J X • . 


M_ F 

"T^ 

• >"% 



n 



: 


v / *■ 

F 

—" 1 1 "» • 

; 

. d 

it 

F 

1 




uo 


(b) 


I J25 16.7 JSL^, 

(&) 4_j_iIj 4_t_n_3l 3J 42.1 jfl 

• ^ ,.. (b) j^uLol 





i 


>£) fau^ ^rh<» {JJa-* w4>iu^ 8,7 JU-4 

uil£wL>>l 4jj ( j^iLai ^ ,j r. ^JLx^Jl (jL£^ 1 j! 7.7 ^JLiiti (J7 3 ~<U gL-uL^-Dl 4_c^_.<.oJI <., -mu ■>.] 

.0.15 ^Li^ 

7.7 JliU (jr 3 La (JlL^ 51 «.*» Spill Jj-u 
W = fV/= (12 N) (3.0 m)= 36J 

uii lS2L > -Vi t _u,» > , f j j S4^^>Ji 43lL t_jLmJ>J 7. 17a 4_Il_>J{ <?wUS> 

'•>* 3^ friction 

f k = H k n = !i k tug = (0.15) (6.0kg) (9.8m/s 2 )= 8.82 N 

: jJb 4_3c_wj 4£^_>J! 43 Ho tjr 3 

AKf,. i( . tI = -I k d = -(8.82 N) (3.0m)= -26.5J 


17.7b 3 JjUJU ^yi (_p22J 4_uL^_lli 


l yc- (JJUej (Pilj 1.8m/s 


L”V + Esther - Jk cl = !««} 

0 + 36J - 26.5J = i (6.0 kg) p 
v] = 2(9.5J)/(6.0 kg) - 3.18 m 2 / .v 2 
Vj - 1.8 m/s 

c.j— t.ii-> J^qJi <^ll 3.0m <131-t.u. ^_La3 jl_*_> 

.^j-uLal x In t tt (j,. ic. 431mi.I ^_v^u2j 4 * L>4 Jiic. 3.5m/s 4^J! 


^1 jLrJi-mL 4_pLpJl 4_C^_mJ! I <jjjLi} {_yA A "i 11 £ji_mJ 

t) f =1.8m/s ; a = 0.53m/s 2 i2bL>.VI 

___ l _ ■* _ ♦ ♦ 

i?*'"* 1 pLal>tl (jeuts-iJ 9.7 j J&4 

. 17.7 < _) < v..~i 1 L> Ls£ ^,JjLa ^g/i-.u,a) (jLi]^_a 4 jj^L l_r^ Jj «xi.^ ~“ \d -y 

1 JUb (Jj 4 . L (jLaJjJU 3 jLj)j lillij ( _ya^_jeJu q\ JjJ—til 2 * i~i.1l jjl lt jy\ 3r- .211 !ju& J Si <j 




Cs) 


\1J dSah 



I SL u lSLdl-tj/¥11)* { 


\_i.»_s 5 j) 3 Ji 0 JLA (jLiJ t^Jj^Jca.11 jJjLJxJjA- 4.jt> ^jJsl i'l^ 4_ja.lk.il 3c.k^ ^v-« ^C \ !U:V .J-V 

{J.^-*J ^yk ^5_S ^MUl Oi 1 ♦ (J-iuJu.11 4. Xc5 J_j ^J^kl 4kLoa-G J^e^i 

(j^So <L>->kJi L$J ^-3^_> ( _ T xJi 4 j > 3c3J 1 . 4k) £ cLcjv^t^j ^Jl^_U.I ^yk 

-jJjtjiiJI <u!^l3_j ^jls AA=() <ji . 4^.yJiii <_yk 3k >“j Jj^y <jr JlnJL}^ 4£^_>JI ak>ol (jA^ 1 

^ U ♦" 4iitk 

2 W = w „ y l|Km + W by Sl - )lily a0 

J-UjjVI ^3 L k-o cU->l!JI (J33 (_£_}k<jj 4_uk^3M ^_uJiL>J! 3^JL) ^j^JLiii t 
SjJs 6 j-> 4—aJi—i_i«Jl 3j>Lk>yi W^y or av ity = ~ m tth 5 * ‘ cos ^0° lA* k?>kn_G 

4_3*3lliji ^k. 3k_clj ^JjL_LJj_o (jl_3 1 _l5k>j ^4_3wljyi i?k>o1 ^kk ^J.-a.j.xjV 4-i-iiojy 1 4_L ; Ok>Jl 

. J^k iy- _>k k (j-o-ju mgh {S3' u ^ 


: AaJjuu 


X-XJ ^yk c j^kjL_*kl 


C \ lo i uX 1 





3j_A^ Cy* cy^Jh^ L^-tk-i 3 jkkc ( _ J7 k 
Oj kinjl . ^k-t-kU ^Lg! 

L^kS^i ^3 .3j_i_*__uo 4_j^|j J-4-JU Lj7 k>- 


Li!*. 


j~£3 L_i 3k*_S 


kSj^jl eJ j-s*J-Z 

4_c^u_« <■ —tk 4—c^__i_u_i 4 _kll 

^yk 1 g £ jkl 4_kv i jJ| 4_£5j^Jl 

(JjLil . 3^ku_aJJ /yil (^Jutk-UG 3 J,.k,.il,l 
l— g—^— 3Jjpl -jl— j li! kk—si—(_uJ,l 
kU3 kuj <■ 3j ^ *(jik_wJ.1 

. 10.7 ^kljlill^lk 

Crumpled wads of paper 

h 



cUl ?r k a A-xki ^J^ko ^L a kjj-u 

^yiSLll ^LwJ! c i J xx l] ^<ik-u <—jL>>^)^ 

tiJJ 3 ^_g . 4__»_i_u ij 4_S 1 l il a L&^—kS jk 4_ki-cuJ 1 4j 3 — u ^ 3J1 
4x. ^G_^_G ^yS ^Jjt-xkl \ JU5l t J^G-*-J 45 Lg CU.11 ^•jjJl 

j_yji_^jJ! ^__uL3jij i3^_k_ukl Cj \ j b. k 1 {_yA 
. Juki ^J^kj 45 Lg-<- u . U 



( 2 %) 




fcJ t t I f c UsSWlJ t 


dz) 


4^c4i SaLii ^UJ-uJt 4 > t^ i 10.7 JLia 

(j! J-3 ^ 43L. J . Qj Ll. 4.J1 J^l^-All L^'Cuuu1 Ju L c ^ U 1wLo 1 4-C^- t ju ^-ucuj 3^L.u,u 

431-t-u.l, l ^_ J .f...j_^-1 . 7^_sl£JI jL^-aiL^l 4JLx>J Jue 2u ‘.luLS 4_ ; uijiuVl 3 jU..Ji 4x. jM-y . cJii^Io 

, i_<3^3j ^1 J_3 4JL>J1 0JU4> ^3 3j>Lu-Jl 1 

^■1 3 1 L 4 J * CL^jIj ji JLtLa J^) U11 ^ la < Md a^LuujJl ^uiLd^JI ijJlS^o-Vi 3_^3 (ji Lie Js 

43LLd ^LuJ 3 ^ Lj-u-ui 1 L$jJcj* 3 ^^ill 4j*.l^Vl ^3 4_uSJl o yk\ I Ju^>L>. . i/Cle^-t-uJl LiK jJLe 4_xy_ t 3J1 

4£j->J i 43LL> fjl-3 l{ Jl!lI,l lj3 Li^ t 4 jC jL.«.jjJt <L3eL'ix^ I3j . Kj ~0 (jV 3 j)txi-*ii J 4_oijLu^l 4 £^jnJI 
431 ..a 1.1 ,jl3 ^4_t£l£iL>»Vl 3^3it 4_U_>J1 ur^) 4-^A--? c -i. o 2,l 3^-oJi Cj^_u Jlie £-ij\ ^ .he \ t'^~i"i t u 

4_3L<_*JLi ^{joS2i (jt ^3 jlu ^jLULj 4_e^__<-uJl 4^i_CL i.3 .a Jue c±U3^ CjIj—<o £_sj,1 i 3e 1 -tinA3 -im 4_x.j^La.a 1,1 

, Ad ljr Jt 4eJ) t-i ri U 

jAin -cLl^oJJt Xajfo \ 4 11.7 Jll4 

. 10.7 ^K.m« 1 Lj U£ 1.0 x 10 3 N/m 3^3 o_>li 4J lj;r ^\ llIj-_oJ-> Ja^iL-a 1.6 kg 4iiifi J_33 

3ie JiLuJl 4_e.j—uw (—(3) 1 <31^3 ^3 2.0cm 431—t_u_u LiJ^_ijJ_!l <.L~>♦ Cs> Iji 

^ lj| A' =0 (jr^- °^5 J- a 

. Aj— 0 jJe A)^- ljLuo. t—A' — — 2.0cm jJe 'Uj=0 4_e^.i.u . jiiiijl iJ-u 1 j_4> ijr 3 

Co> 41^ 1 uI ftJ i 1 jLu^J 10.7 4J3I-AJLI t Siiyuj 

a* = x■ = -2.0cm = -2.0 x 10 -2 m 

lIIaA / 

W = 1 kx 1 = 4 (1.0 X i0 3 N/m)(-2.0 X 10“ 2 m) 2 = 0.20J 

.s 2 max 2 x 

43Lio ^3 ^ 1 r. ^e-j LiiL-B X)~ 0 ^)i jl x "t c. Lj^ 4_^^>J1 43l_L> — 4_i^Jii_i ^1 J3r. i. i^/Li 

. l11^_u^J 1 44_tle Jjjai jJaouJI 4j?c_uj (J3~t.ll 4^_>J1 


w v = 

1 2 

J- m \) j - 

I 2 

\mv t 

0 .20J = 

{(1.6 kg)j 

•-/• -0 

? 

0.40 J 


u; = 

- = 

0.25 m" /s" 

j 

1.6 kg 


v f = 

0.50 m/s 



l3j 1 Jl 3 a 4-3jIj elllCl-v 1 3^3 4A^j_jv cLsLel 131 (jl Jj^l jJe (J3i 11 4x.^.,u) (, 1 1« >.1 (h) 

. 43^<LL>1 4jix>J ^yts 4i^^jv (j-« g.^ r la.3r 4.ON 



ISUaUU^iltj IS Lu K L dt: -cLjj^uiJi 


t^y*-* 4_Kl£ Uv ' > 2l 3jil]| {j\ C ^ - cv (&) Lgj.U LL^r*. I tillj ^Jjst AjUVl (jj < Ui.n JuKUJU 

0ju4> A-sLu^ij <JJ1 £Uj>-V1 uj 1 n.i 3.S j-3-U \ 4f>j_>«Jl 4iiLio (_jL*.uj>J 17.7 Jiic-luijl UK-4 i . 4Kj->J1 

A^c_ lu 3.2j 3flU 4 Kj_> 2{ A^LL> .ii_! i_iLlC. ^3 1 fcilf aKj->J1 4J$LIo 4_*JL_uj| 

t-ii IKTl>. V1 

A K= -f k d = -(4.0 N)(2.0x 10‘ 2 m) = -0.080J 


aKj«>JI aJsUo ^jl_3 1 jl^J . 0.2J ^jl «.uj jw3_ii_J! 1 jla ^jj ju a_uL^_JI aKj ~^J1 aJsLU ijloIK ( 3 .) *y —^11 

: {J ^ A-ul^Jjl 

K f = 0.20J - 0.080J = 0.12J = \mv) 

£(1.6 kg)v] = 0.12J 

vj = °' 24 i = 0.3 5 m 2 /s 2 
1 1.6 kg 

Vj - 0.39 m/s 

3j!s ojlj UK . ( 3 .) 1 c ^Jj ir\ -»JI 0.5m/s Js! a <w 311 &jjt ^y^ y^ 

. Ac.jm_uJ I c a tsibi Lu UK (AJ IK Tcv VI 


POWER 3jJ_ 2S\ 5,7 

( JA il l A_JLc. ;_£j->>Vlj oUlj. la i <?1 AjL_Iji A—t^i j, >-J { ^AtjL^i 3jl J t ul jjIojALs! 

LlK (jU q^j 2^hJ 1 ^>->3 ^uijJL . caKI^Uj-uI A-uLu j3 (a_jJLc. 3^L3K jjj 

3^1KJI <AJj_>Ui CjU 3j U i.i i J1 ^j£Jj 4 ,i.i^3 A A^_3 (j1. X * i^u UaUKj aIKJ I (jiidj U (jAjj U i - ui i 

<A_i-u3jVi A_ujL>Jl j—u^> (j-^jj U i.uj 1 UK .A>^aJ! ^Jj (_JUaj j^>.Lj 

JjjULl jj.* <~31 ^L»J ^jl Ui-3 .3 j. a ii AjI_ 3 t A_lU-<_! 1 j_UlII 4 ^ ,s»j ♦ 4 ^ 1" V -a 4 _lLoj oljJLa 

(Jj-J J! JjJljJ. 1 (Ji iu.ll 4 ^5 4 j . 1 . 1.0 AA.lj .(Jj> _uJI (_JJ_J (Jj (jujLj-oJlj 

5j i i 3t i —lau Jjfc—t^J3 JjljJ ^) asQJ I . IjljJU Ijla ju, i>. 13 4_SjJ 2 1 ujd qj5j m ^J- * ...i. ~ i 1 1 I j—& 

POWER 

SjJLiii SjJjJI aJ-^ JjO-ill J t <~ i t l (jl£ ljl_j »> . Ji. 4 _aa>-j12>. 3_j^ Ca. o .i V i,. . ! ! j] 5U,„j ~,1l 3 jJl5J! 

jLlIILi ' .~ 3TI ajjt ^Lui t »1 ^1 A I a^: t * Tt ^ijju < i a. W At 4_u>ajt 

w 

^a, <5£> 



I UajJtJI : 


(« 9 ) 


M ^^JLl JLoil uAjjjcj UJL 43 Jjl^J .4j-SUo 3.iLj cr^l ( <u - u ^ cr^" JJLjJI 

t^-jLcudJlj «Uij»u-aJ! s-Jij^_j»j C^aJ.JeJLujI lLIITl! 4^jLA-<i <L2j^Joj . 4_iiUaJI JULjjV JjudJ 

. j iuJl jjja At i—j^pJij La Ale 4_La.^ujoJLl BjJuLlI AjL^j L$jl ( _ ;r le ,/* 4 jLi**-1H 3jJ-SJl i_j 2 J^_*j ^S- 4 j 

W dW 

•? = lim — = — 

A ?->0 A? at 

2.7 4JjL*i,l ^>_a i^S -J 4e>*ljV! Ljj_j_e Ijl .Jjeuull jl. \ 3 a dW ^JLqj Ci.lv 

3jj_uslH .^le L^IjL£ L^ 4 ^ 4-Ji5tUI 3jjLlJl (jj-^ I A^J * dW= F.ds ijr^ 

; y> = dW = F ds = F v (18.7) 

<7/ dt 

V= ds/ LUjuxlul 

* 

^c-*-ul (^rLl) AdI^ Watt 1 iJaj) ^ 


JoljJi 


Oi-J , 4__uLj J/s SI ^aLtaJJI 3jJl-2JI 3 a _>.j 

(James Watt JU j ^jLkJI aJj^di 

1 W= U/s= 1 kg-m 2 /s 2 


(_yfl ajJ^ill iJLa.^ ■ J.« ,i"i.U (uJ-ljVI) (_£l (Jjlil W i 3__j a-ult {j£- i-ktuiej SjJudil (^<uL2JI) W 

(hp) Horse Power 3jjJa) oL^aj-JI ^ Uaill 

1 hp = 746 W 


fjjA (kWh) <bcLui iis(j j.ljS .ojjuill 3 j^>-j 2 JVju 1 g «~ (jSLflJ (J«..raJI jl) <LSUaJI 5 Jl 3 -j 
1 kWhJ 4 jjjutJI 3 a^i ^Tl lOOOJ/s —tlslj j)i 1 Cjjlil <cl >«ll 30^",.. 11 ji 3J^j>4l ^JsLlaJl 

&lk!l ^ JLcLu Jolj ^LSJI 1 kWh= (I0 3 W) (3 600 s)= 3.6 x 10 6 J 

cL^U I Sj^j Ls £_3aj La JlIc. .3jjl_3JI ^ 4AUL 3 a_>-j 4_cLuj ^_LA q I jAul> l 

.Sj^jLUI fjyh 4jjjJLI 3j.~ a 11 L^x a jLtTu-ul I <uKJl a_uL^SLIl 4 ALL 2 JI $. L^11 ALLs 

Jllil (J_l_lj_u jjr^ * L^a>a jJI iJ7 ^ lsaa 4-cJ>»rtILt-iiil SjJLdJI £j£- SjLxil 4^LLdl cJlJSi 

asiui ^ (0.300 kW)(12h)= 3.6 kWh M&**i 12 h 3 jA 300 W 

^^QBSSSOI 

J-ic. d> * <"31 ( j_a jLik al\ (JmJu (jVA_u 4-j-^oLjj 4-<uJ Jki 4-^.1 4_}^C- ^1 

(jjLaj Ijl 6 Jua Hi C^Sj J-L->o 4x.l.i.<a ,JI 4_^_C, <U-ua^J L^JkJj_*_uo 

. 3 jLu_JIj 4 j^jlU t 


( ISLyaUuJjlj ISLulSLdi$.U 

-Uu^4 3 dtf^Xf SjJLSJf 12.7 Jy.4 

4000N L&jijJLc <GjIj l^.ilc. jjJ 3.800 kg p L»L£j <J^->u 1000 kg L^ilr^ 4j_u l£ 

SjJjJ.1 4 _si UU j—>JI ^jh La (ci). 18.7a 1 53 -^ 1— 4 -^ 4 _LuL£J! 4 ^'J' 5 

.3.0 m/s 4 iulij 4 c^xo j jL*_t^JU 4 _Lul 5 > 

4_C^_<_uJ! (jl .J^ylcl -). * i^aJJ cUxil3 £J9 jJ f L&jI_lJL^ SjJs jJ JJ jl i_«JXlj 

1 —- i —<_ u JLufc \ — 0 .- vj 18.7b ^ jJI ^ lo X-J 1_L_$J Cl —0 jl ^oJUJ 4_jjl3 

[ J.<^'^-J .^Util (jjj-U jjjlii j_xs . jiJ oL>o^H <ui> Uj-t T cC. 1 ^ j->Jl 

lF y =T~ f -Ms = 0 

: jlii (JL^I . 1 800 kg (»_4_Lui£Jlj ^UjjVill 4ujfc£k Ml Ca> 

T = f + Mg 

= 4.00 x 10 3 N+ (1.8 x 10 3 kg) (9.80 m/s 2 ) 

= 2.16 x 10 4 N 

{J iV <>L>ui ;J tid 1 l^j r jl 4^^JC<UJ 18.7 4 JjL*XI jiitiLt_uLj 
.f = T-v - Tu 

= (2.16 x 10 4 N)(3.0 m/s) = 6.48xl() 4 W 

jjjjJJ L&JiJjj jl uou 3^)J—dJl jljwd —a l—a (b) 

a* <>=■ U^» ^a jl£ 1 jj 1 ) 4aajiS31 4_C-j_t-u bajJLc. 

. 1 . 0 m/s 2 j\ JuLa (JT ic^ £jL_uj (jr Laju 

dJJj jus 4_4-f-2 (jr lc. jl jJsjJa 

4j Vj i 4 _j_) 13 4-C.j_c.tiJ 1 dc-ii£> du--v c (a) l ^..ilc LlLuojv 

* * 

CjljcJV^ Lj_31_lo] ^ a i'll JJJJ-U (Jji-j u t. u 4JL>J1 {j ^> 

4J Lt-u.11 ^43 Jwlj>> jJ I j-u-x-J1 jjSLi i 4—Lul^iJ LcjLojiJ 
4_Lul£_1 1 ^-Jc. ^UJl jj-jj-oj (j.j- „t to~i ) .ci >0 (ji 

S/’y = '/' - f -Mg = Ma 
T - M (a + g) + f 

= (1.80X10 3 kg)(1.0+9.80)m/s 2 +4.0 x 10 3 N 
= 2.34 x 10 4 N 



T ^ic^’ Sy_^. j^yil ^ (a) 18.7 J SJ^ 


(J7 _A 3j—SJ 1 <? j I ‘li-i-iLS ( _ r lr. 

o*y-s J-c-ojJ.! J_t->J1 T j-jJ) 

cLLl-sLSHI ^JLc. (jljjjJ-ll jl3j) t3.lt . 4.i i ilSUt ^ 

3y_Bj f ciJlSJL^Vl Lij-A jl $ sc. V>j 

(b) Fg= Mg 4_ j ol_ >J I 

. Jut l<Q t.l 4 -LxjISLI JJ>JI ^<Vi..t7r U jol I 



t 43Ua^ JiLlJt jjjluJt 


(*£) 


: Aj^JLLaJLi 3jjJUl 1 18.7 4jj>Ltll Ijl^J 

./= 7u= (2.34 x 10 4 t>) W 


1 ^-JLc. 1 lU^.%. ^^Lll dlij ;jjs (JjSI 3_) J-2J1 t> 33 . A-ojIj /^_liL> 4_o_uliiI 4 i liH•> 1! 1 4^Cj_^uJi ( _ r 4> 1) O-o- 

4j_i_>lSJI 4_c^-iwii Lcjdc "iin IT ~ 2.77m/s ^J3 1 4_c^-.cu J 1 cj_)1^ LILLs (h.) 

. 4 n ojjt i 


13.7^ijli4 

4_C^_t^_i 4_LulSJI d-U3 ^-*3 4 _LuL£L!I ^3^J £>j Jl 3 jJ^j JjLc J I jJLoX! (<l) ^^3 

i JLLJI I -LA . j^j-tTu V 1 ^ojluV 4_Lul£U 4 _£j_>JI 43l_L> ^jL) IjLA <__Jl_L> ^ i u 3 j . 4ojLj 

glUu^ul ,.y > ~ W/t ^)f pLp.j . W— A/^=0 (jl3 4^^_>J1 43 UU —JJLjJI 4j^iSjJ LlxL 4jl 3 U 3 

s5 # 

$.a! ts !t ^>> 3 Lull 1 j ut j.j<ula5 dL'rf 2 <u cJaA . Luaji ^Lu 3 3jJ^1I 43 liaJi t_JLLJt 

^ IIS 41 ^lc <lJ£J 1 3^_3J1 <^_>j—do (Jj-al—>- {j\ 4_^__>Jl 4_3l_Lo —(JJt—jJi 4_j^ IS > (j.n n 

\j a i,tZ> Ljl < .1 a 3j_3Jl t ♦ <^11 4J1_>. {jr £ , ^1 IS Ill 4 _£j^>- 43LL> y t «*cH ^^L*_u3 ^IjVI 

3jJ3 uLuO. (1)-^-^ idJJS W= (^7y)<7 = 0 dll jJ^ (7 — Mg — f = 0 (^l) 5 Lsl3 

. Ct tu -Jj 7 4£^>JI *Uoi ^3 jjji^tl L$j jJjj ^~l II 3^_3Ji Cr* 


(4^ 1 ) 

ENERGY AND THE AUTOMOBILE ^ 6.7 

Coo (jr J—>- 5^_3 -Lc.j 3^L_a£2l 4 i>> a S- i>a 3jl j tu ^ o «j L^j ijr lJl CjIjI j t «lt 

43LL^ JLit i <-uTs ^ JT lJi ^3* 3^3^J1 ^^3 4_ALyc-i^Jl 43LLaJl 4^0 15% L)| C.<- t 4 u_ojLj_^JI cJij^iaJl 

^ J^g-TL-t-u-U .a c^_j>J1 1 JJt {jy £ , 4_1jJl_ 1I J j^ T iXi ^3^_3jJl 4J1_>- «-ul 1 Ju5> . 3j1_ l j-o11 

43LLJ1 J> ^41 CjLJI ^JUl ^_A>L_oJ . 3jL^JL _i^31 ciJ^l £x l <il 4 ^_u1jJlJ 3!ISPiryV 3-^JL^Jlj 43LLJ1 
c_>J I ^,3 431 P-iJI oJJt, m . (jJj_^JLl ^^3 _ij3jJi gU 43LLxIl 67% J. ^iu C a^ . 3j l _i i al l i ^£s 

43 1-lo 1 \ (P)L3 22 i all 2o*>Aitn 1 ^112>j^j o-° Lo^-^y 

10% Lu^3 jla4j .^4jjij^>Ji LSA^oLijjJl ^-3 3^3311 

JU-^.f- Q j^L>Jll {jr iM Ci5fl ^^^3 iiJlSJLxVl Lr 3 4_^l3JU 43LL21 ^yi 

4% jLitILcu3j 43 LL 2 JI {jjq 6% Jl 33 iJT 3 4^_5t3JU ^_ru ciJl52cvVl u- t - t -^u T u dU 

4.1.T& r. ( _ t 3 3jJ_3il ^LISj jJj-xj CdLJL^Jl ^-Sju diljL^j J^3^J1 Cj1_S-_ ts-i ( J z uu2o3J 43lki! 




t iSLc^LuJJtj ISLuiSuit 


oju* ^3 .BjL^Jl 4^ hi! 4_£lkll 13% <Ali -dl j 2 j Power Steering 3j>LiJ! 

J)itnj ^jji^ £.tj_$Ji Lu-u.t l 1]V1^ CjijlhVl {j7 xJi 4_se-2L> A1 U.H ^3 juhajl £-A ,jj2uJ h_uh«i 4_3LJaJ! 

JjUlIj L;r illj ^j-^LqVI ^L>oVi tjr 3 3^3 j’Lm^uV 4^jjMJI 3 jjl 3JI -j^^r aj Ux.j . *I^J 1 4_xjjLix i $i\c , 
ciiijj 0.016 oijLLsVI <u 7?j->- jl-HJ iillA" TwVi J^La.^ ♦ ilIK** >.V 1 h3-3 f j)-* = ^~ A 

ojilj Ui£ . /xn= fAwig— 227N L&jIjJLo j>2 J 1 <jJ15Ci >.\ 3^3 j 1420014 1450kg l ^ol^ 3j>Lu_uJ 

1 JajLtiaJi Cjr 3 olil 4 j*l_ 2_1£>" ;i 3^_3jl iJ7 3 ^ j.* ^jl-un3 .j ujJlxj 3jL-*-uJ1 <Lc.j-uj 

4-J Jj-c- t Ji 3^_3i! ^3 Ijufc La i nu l .^15 3j-&UaJl <?J<_£. ^131 3jh..<-a.l1 4^3 AxC 

.2.7 <Jjj^>J! <^^3 ^Ihill ^3 5^Ljj y'j. llIISJ^I 3^3 (JhLs a > 


4 4 -V ^ 1 t n,> -^U . 3jt i I nil ^hci £.ij_gJi ^yA ^2.0 ^aJi ^ 4^<3jL<LU 3j 3.H J~ul5 Linjl 

^ In tj a ( 4.6 j-h_>! : 4_uh /j2llL>} 4 x.^_uJ 1 j_4 <2JhjL>»V 4_u>-Luall 4as^l_3l! 3^2111 l-jo-uLlu 

6.6 4taUilj 

fa = i*W 


fjixi sell O^J- *2 < «U ^U 3 M 4j>2 4 a A A J f-lj-gJl 43 IIS' P i43lc.Vi (J-flljUXi D cLuLV 

j p~ 1.293 kg/m 3 iD~ 0.50 j2tiL_uL liU^j 2.7 Jjjl>JI ^^3 ^_3 l^L_u^>J 43^1^11 ejjb jJtaa-ul 

. A « 2m 2 

4^3jLa_tl 3^3iij £^^JuJi ill ifv.To-1 3^3 ^aj_5t>Q ^ 4.2S21 l£J 12 4 - > -V1 5^3 jt J_3-4 

ft = f r + r,a 

i*J t 4-c^Liii 3^_2Jl ^jj.Lail Lilt^L^i (J3^ 4 t's\ 3 ■> ill Llil-c^-taJ! J-Lc. 

sf 

LiililL>-l (jAij.rt sej i^SLxy 2.7 i^»lj jjfc L«_^ lj _~il~i j ~iCVl ljr A 2-iLc.l ijj£i 4_JL»jl 

(L^J ^ j)*t <itU jOj Sll ^c. < 2 a.Ju>j (Jj^.i» (jl c. j lUljllsVI u^tJia t- u 


5 jl_u,.ir^»j^U) ^K 7 -v-Vt iSjH * 2.7 JjJL>. 


v (m/s) 

«(N) 

f r (N) 

/ fl (N) 

/,(N) 

,^=f t v (kW) 

0 

14 200 

14 200 

0 

227 

0 

8.9 

14 100 

14 100 

51 

277 

2.5 

17.8 

13 900 

13 900 

204 

426 

7.6 

26.8 

13 600 

13 600 

465 

683 

18.3 

35.9 

13 200 

13 200 

830 

1 041 

37.3 

44.8 

12 600 

12 600 

1 293 

1 495 

67.0 


j ^JSJ! fj Lii W"" .! f a iliW’i'M ( _ ? _4 / r ft JjjaJI * 

■ Oijila^U tfliajLU SjJLaH (jJb 


(26 T ) 



4 fat 'j-sd f 


Cjiii CjIjLx-j-u ^1 JL3e-ILt-uL> cij-^Ji 4_sLc j Jlj>J cv. 1 t^U-Lid ^-O.mu ^oil CjijlloVl ^L\ V,J,,<„aUj 

4jx 3-" j.4 SjLj nJl <$JiLi3 (j( ,7ys ^..CjJLj 4_uL^ujI JK iltUj S^jjuud 4_claj. ra4 4 _ulLuLs uLwIlilo 

t, Uj 4 rtU a BjLudJl . 4-C.j 1^>11 431 .Mi.lt ^^3 3% ^l ci^_$]i 4 _bLc! ^j-4 Jujp 

, 4-tljU 43LJ.I % 1 2 ^J^ju 

, c>j\ j 11111 Cj1j,UdV ^ U *") 6J~£t> $ /jl) V 4Julj 4x^_uJi Cjr Lc. »1 aA\ 4j j) 1 UU 4_JdLH jJL!l 

’(jrA 4_ij) 1 t-i 11 Sjj-SJI (60 mi/h) 'u=26.8 m/s JlIc. 4j? 2.7 (Jjj->J 1 JliU *»(jr^- 

;/ = /,u = (683 N) f26.8—) = 18.3 kW 
\ s / 

(2) 3 kiJLiLxl (jiajj-jujJ 4_^sj^Ul f^V SjjJLH (1) (_^-». m.£> ^1\ SjJuJill oJJt < u <V> 

J.ua^cJ X) — 26.8 m/S J-Lc . £4-3 Lcj 4^sj^UI J-iLll 

:f r = f t v = (218 N) (26.8—) = 5.84 kW 
\ s / 

op = f v = (464 N) ( 26.8—) = 12.5 kW 
\ s / 

.r = ^ + <.? a 

3 SP a = 57.9 kW uf= 9.05 kW, o>-£ u = 44.8 m/s (100 mi/h) aL_^ ^>^.1 <>_- 

. 4jJL*JI CjLx^juJI Jl 1c. 43 Lx! 3^3 4_pj_Al ^ 1 J^a <f= 67.0 kW 


ajusua SjU^oJ i£1^Lqjuu\ 14.7 Jti* 

5 ^. . t n i 4^>.ll4l 4^ilc3 18% ^( ^f) 18% L_3 £. 3 800 kg Lgl*L5 3 ^ ....-~> Sjl _ i< » 

.27 m/s (60 mi/h) ^Jl (jj5...tl Sjl-t-t.u!l 4 _^q 1 i ! 4 i ^ (4_t^d >1^ i a 

* 1.3 X 10 8 J ^Lv 

<L Sj >J1 4 si {jr ^> 1) 4_c.j— liJI ^i *v < n JI {j-a 4jL_s—uaJI *ui ll 4—4j^Ul 4—3l—Lxll 

. 1 mv 2 5. 6 1 g. ; t l 

K = i mv 2 - 2 (800 kg) (27 m/s) 2 = 2.9 x 10 5 J 
. 1.3 X 10 8 J 1 Ajl .t z . 4_aLL oi)^4^ u^ 5 iJ^ 2)1-4 100% dJ^_»2U 3c 1 a 5 ojL£ |jl 

Ja n S ^ tj —.di (j-« J S —S i 18% -A tiJj >d( 5^1-(ji — j 

:j_& ^jLuii] 4-ij)lUU cjU^JL>J1 jjx. ^jLs . 0.18x1.3 x 10^J— 2.3 x 10^J 


(7m) 


2.9 x lO^J 
2.3 x 10 7 J/gal 


= 0.013 gal = cjU^JL>JI 



iSLcaLu iSLolSLJ,': t) 

tiilj .O.Smi 4_isLi_u_a 3 jLu^JJ L-i-slS O^ 3 ^1-^241 1 -x.a i^ , I a i.l ^.. ^ - uH jXc. 

. jjXZi\ l i JlLc cJ^'Lgj-i-ul 3 jLjj ^ _L<s 


^tjUa>U SUnaUt *51Ui 15.7 J^U 

3 j>juij} 60 mi/ 1-1 . Loj^ic 35 mi/gcU ^,,F> a > !4.7 ^liLU 3 jLj_uJI ^j t v jIo^ibI 

.oijUoHi ;u^ai 

'■■•■1 ^ ~-3jLt-(-ail (jt jJ a-3Jt Lti $L^_j _ail CjU j kJi - c. £.—<3 ‘ “*t )1 

4.jKJi jLa I.3x I0 8 J ^LSj j_$JL_;>. J£ jt .60 mi/h^ 35 mi/gal= 1.7 gal/h 

4 53 ^. 7 ..x . XI 

_ (1.7 gal /h) ( 1.3 x 10 X J/gal) 

3.6 *Tl() T s/h 
2.2 x 10*J 

= -,- = 62 kW 

3.6 x l()\s 

{jJt > Cj IjlL^i 0 LLlaX 1 3jjJLll Lj3 (3^1_Lu_uJ1 ^Jl3cJL-4-uJ 4_>- L3_l 1 <lb! loJj 18% Cu^ - 

L^cAx^^l 18.3 kW 4l 4. f ai 40% ^ J5t 4-^Jiii *±a . (0.18)(62 kW) = 11 kW 
j-3_b 4_jJI 3jl jl i «ll 4Ll< £j\ ^to. L^l_JL_aLl>a 1450 kg l ^~il“i^ 3j lj ^1 1 

. 3 j jJLJ t 

A 4*Aa 33^ SjLxuj jjluu 16.7 JO» 

{ j t ^_uI£Lj_ 4 a JL>-a 19.7 ^j£L*IuJL} ^ula^-A L<^ 4*juua±Jt> ^)l-t-u-U IT! 1 ^1 <4 3jLu_u 

.46>L*JLj ^Luij 4_J^J 1 4_ajL3Jtl 3^_3il j,I J_3_a ^ji 

f t = (218+ 0.70u 2 )N 

lJ y3 4jij^ diljlioM-i Lij^->JLi 1 ^ jlaju (jl t-O^-S 'jyJ-ll 3jJl_3ji U-4_«_uJV 1 . 4_C.^_Coii (jy-A ^ CU-l>. 

. 4_Cj_^uJ I 

3j^ 3 F Ca >3jlj < xJt (jr^ ^^_3Jl 19.7 

^ . jIHaII ^11 jl L^J 4_3LJi 3jl ^ x u l i j^3j3 

n \ !■• .. 

\ J>Io (_yl C. 4^>^ell (^LiJl 



(2M) 


7.19 JSLoi 


JF = F- f t - mg sin 0 = ma 
F = wit/ + mg sin 0 + f { 

= ma+mg sin 0 + (218+0.70u 2 ) 



I %JaUa _3 1 


(m) 


^jyJb ^^LdVl tfl->oVl fjyJb SjLwJl cJj-3taJ 4^aj}Ul 3jJUl)i ^jljs i<_tLljJ 

.'/> = Fv = /??ua + m ug sin 0 -f 218u+ 0.70* C 
c-« AS ijj .3^1 —j— t-uJi ajj, 11 u _3 —:>JLi 1 ^ j—»-i 3 ^ u-i—? c_j ^^.1131 3jj—aJl mint j—>J i 3 -*-^“* 

. <lJSJI djjJLII cj LilLl* j^JLULjj I j. ^ x^i jl jlSII Ijla 3 ^ k <CjLj 4x.^uj 3 jI_lx^J1 

5j)Lj^_uJl Jl I c 4_ujlj>JI 4_t£j^xj £_>5 3^9 g-lla-C.^ 4_j^lLxi.l SjjJiil i j^L 3jLl£. I'll Sill 0 J^sJi 

2l8l5 JL_>Ji . ^ 3 31 < u 4_f3»i>dl J^Xc L*U-> JU>J1 1 JlA ljr ^'l>i_Iu .^JjLU ,K « n 11 i _ r J- c - 

3-^-3 4 _>aj^LJi 3 j jl.3JI ^Jt> f).70\r j^>Ji^ il1 1 £l>» 1 3^i— 3 ^ 3 Ji vLLr.V 4 j^lLa U 3 ^jl 3 JI 

J^a-> < 0 = 10° 3 a- l.0m/s 2 .v= 27m/s (=60 mi/h) jti = 1450 kg 131 -O^-gJt J_i_i 

: (j3-j 4_3 _jL_uJ1 \ 

mva = (1450 kg)(27 m/s)(1.0 m/s 2 ) 

= 39 kW= 52 hp 

mvg sin 0 = (1450 kg)(27 m/s)(9.8 m/s 2 )(sin 10°) 

= 67 kW= 89 hp 

218i» = 218(27 m/s)= 5.9 kW= 7.9 kW= 7.9 hp 
0.7(h ) 3 = 0.7(27 m/s) 3 = 14 kW= 19 hp 

. 168 hp jt 126 kW {jr ^ 4_^imi 3 jjl3JI 3 . 5 ^-* Cy z 3 
^_4_3c —<3 27 hp 20 kW iJ7 Jt> 4JLsij 4_jL^_ < .a_i ^a < 3 ! ^lc osj^Ul 3jj_aJl 3 i 

^=uaj^I3 4>3j^Ut 3j JuLlI (jl-B 4l3£Ji c ts*tj L^J 3^La_i_uJl IM it-iiij (jr^£- 3j}Lc. . \ (jpjljJlM 

. c a ls~x ill ^Jl 


(tf^ 1 ) 

A-jJLall hX^ &Sj^£\ A3lLa 1J 


KINETIC ENERGY AT HIGH SPEEDS 


\j-jlS 1 diLc^-t-uj ^ L<-ujv 1 i- a.t^r>j JlIc Ti 3 3 L^LulSwoa ^a.'aiTu 

3 ^o-o 1 £ 3 j 1 SLu 4 cj^/jL»_c c o Lc^-ojJ I» >^_u_3j LajlIc. . c (—3.0 X 10^m/s) ^lj_A]i t _ 7 _s gj_uaII 

CL^JI 4 J 3 LL 3 3^ 1' 4_j^_L^j_!I . 4-x.i..iu.iJI 4_j^la.U 1 CjVjLjl-o 1 ■gl'> a 

4j^ 1 . l u \ 11 J1 JLjtJL^ul K= i mv 2 3>a x; 4 w £.^_ < _ u .j /72 4.3l3.5> 

»4^>Ji 4Jsl3J 



iSLtdUuiSLulSPI': 


K = me 


\ 


v'l - (f/c ) 2 


j (19.7) 


4_u, 


4^rsJI <bLL> 


C ^ya 13 OjjIljSI Lal^ (jV dU3j LuL^j C-t-f-u-J C yA CjIx.^auJI SJ^LxJll 0 Jl^J 1 a il^> 

l ^ 4_jjjJI 1 Cj l—a-,>J 1 ijr ic 4. _i 14. ■* 11 oLk^MU £-4 jLjjL_5t_oil ! JlA J 3 a ~n . 00 K <—" 23 

(4Xj-uj ^ iy^Si\ {jr Jt > C {j\ ^i) 4 -£:^_u 4_dj_<_uj 4_ji 

C t_)^_i_oj ^jl 13J ^)SL<VJ 4_j I j^ylc. 4_^>__>JI 4_^LL> — tj*.i~i!l 4j y \ I^i i jj^xXi 1 4 j ,i_/ <1 ill 4j^I^lll ylri j 4_£_>-^ 

. 13— c 4x.j_<jJ! ^Jl ,_^dv ^Jl ^_l^u>J 1 iLa 

ijl J>-JI ♦ 4 ».rd-> ill CjIc.j_*uJ 1 JUC (Vul^3 ^Jl 4 _u_*_uJlII 4-jj-l^lIl i _ r ^ (J£ jjjj 

K jj! £d <ya 4_!L>JI £>Ju& . C yA .Jjs! 13 (j^«3 LajLd 19.7 4jaLLaJi 4j-iljuo dU3 ^_us jj 

jljJili dl3 (B.5 J^Hl) (jJJL_>Ji olj 4 j^_Lxj ^ i jJ*_j_<_u Lj diij ill *lPOJ- 5 ^ (jPi 

: jU X = (l)/c)“ 1;» ,>>j lila .X)/c«l jl J~.ir.lj [1- (u/c) 2 ] - ^ 2 

1 , X 3 2 

= 1 + - + -x + •••• 


(1 - X) 


1/2 


: ( _ y lui 19.7 2JjL«JL! {_j3 «ls^L*J 1 .>j_& ^lxW...>L 


„ 21, u 2 3 i/ 4 

K - me 1 + —»- + — —. 

2c 2 8 c 4 


1 2 5 V 

= —mv + — m —+ 

2 8 c 2 


^r+ '••- 1 


1 2 
- —mv 
2 


for 




« 1 


Ju lC , 4_ t _j, / ^> ^Ji 4_^3_>Ji 4_3liaJ 4j^-j_cuJ(Ji 4 _jl_j_i^J! (jl LljLb Ijl^A 

. 39 (J_u^2 ijr 3 4^i_u-udli ^jJ] . C 4x.^_t_uJLj 4_jjldXL) Qj. ik Ln .11 Cjlc.^i_uJl 


SUMMARY ^Odlo 


4j>Jjl i>L>ol ^3 4 _j_^^43 J ^U. 4_jLj ^ < acv. ^lr. F 4dilj 3 JjJLlU JidJI 

OSJb 4 jl C j-s^-i /<uxt>J d 4^13^1 4_dLa ,*_xj 0 4jjIj j-ludj F 3j^J! 0_il^ 13] . 4_cw1 jljuLo ^^^2 

:4jjUI (j_a 4jl / ,i\ F jJjJuH J* <lill 311 

W = Fd cos e (1.7) 

:43^L»JIj B j A (utaj^tiill L_ij»dJ!) ^jLU Lt^Jl >Atl idbj-XJ 

(3.7) 


(26?) 


A-B s AS cos d 




<-jj-tiaJI .B j A 4 j -*-~U (j*L .j 4jjljJI (jT Jt 0 ♦ 4 j . nl_x_g di^i^ 3 A ^_Jj—ilaJI ijafc «tj5c_j_lj j 

.yjjlJlj jJjLoii UjjLs 

:JSLjJJ ^Jlili ^■Lit'ill Lula Xj ^Jj Xj X $L>ol id^clb ^<*i^- }Uul 3^ cJju 13] 

W = £' F x dx (7.7) 

JSa JjJlJLI (Jt Till (jl-3 ^3^ 3 JlC Cjj 3! ijl .X lJT B £ 301 ] l <U$3_d /^ Cu> 

1 ) liljJUJ f?l 47,17? ^4.u-^J 4L^Ua , 03 ^ (J^Lj 4 J 3 JLJ.I (J-*_tlJ1 CjLl*^ £jj4J«-4 ^3^J1 

i.^Jt (s-j-uail 4_C-3 _<_uj 4jjl_3i,L} tji*. Cj^Jul<o U Ca>) 

K = -mv 2 (14.7) 

2 

4 a 3 jU> £_£ 3 _a_> ^u-u-.^w (Jj. 1 \ U (J-*- <7-1 1 3 I (jr^- -{JjLtuJl 4j^h \ 

. l<Ui^ 45>3->Jl 4^1L ^3 3.1 t iil 

JW = K f - K, = ^mvj - jmv 2 (16.7) 

4^>><JI iaLLs —J* .~ill 4j^Jiu (jl3 LiSlSJo-l 3j2 Ojjl Ijl 

K, + I^nhcr -f k d = K f (17.7b) 

3Jj tiJ^se-a dJLu* I it 4 t, n i 1L SJslIaJI (Jii Jju>_o L$jl (3^- ^ d) I i_3^ju 

'(j-& 1U 4 J Slti»M SjJLill jljuLo jjlfl V 4sljumj lljj-J-’ij p.my ^lc F SjJL) 


& = 


dW 

dt 


= F v 


(18.7) 


QUESTIONS Klual 


S4_jJL-<-u ^ < <,->Jt 4^Us ^33^3 3! i j r a Jjfc [4 [ d. \ ti it 3L2J3B ^ 3 - 3 j Q-j->- 3^ u-^3^0 3^33^! —1 


.tdJi 3 ^ </3 

IjL^Q ♦ <11 3kJI 4_C,3_i_ii 4 3 <Q 3 J !li] (s) 

-JjLiiJ I (ji^ l3l (b) , 4^j,_j>JI 43 LL 2 J ojl'^-llu 
3-laj 1 jUo . \j..a is-) |Ujt 3 3-^ 4J3JL3H 3KH 

. 47Lc.3_uJ 4_a.4,all Lj lIU 3 

BjwL.S.11 3 -a^LHj 3 I 333 10.7 jJLJlII 3 ^ —6 

^33 ijl jl^ 21 ) 4_?31UU 

3jL _ LM {jt CjIjLj _ LJJ ^yOj-X-A ^ 3 - 0 - 4 - 44 — X3 ^X. 3 J -7 

^ 3 !—3^1 ^ 3 —^ 3 ^ 300hp <33 J—3 LII 3 — 

Lii3_>ai ^ Vju) olj l a 4 all 

3^1_3 f.y\ tl dLl £3^231151. (130hp ijl 3711 
3031 (^1^ 55mi/h L^i <^>.31 4_n3.i.gj 331 j.<.» 


4j) £ jy a->. jLi-m.ILo LI- 3 I 3 J LiJi 4 A jjLSj J^tc_3 
>J 1 ( 31 £ 3 ^ 13 —a—slj -4^3—>- £_^l OJu. 

, 3 -Lc. VjJi « 4 » <» JU_>.3J jJ-A . jJjlall-auJ V 

(_^( ^(3123 V l ^( 3 ^ 3-111 

(h) j a?_ll ^ 3 —tlai 1 33 ^-J 0 *>J. 3 ^Jb l_4 —2 

“ * * m ’ ** ? 

. LoJLau (b) . Ll>*3j<5 

4jI^ ^ 3^53 la I 3 jmi (Jlu 11 4 \~& 33 I 433 -3 
X £-a F 3 j x3 ^ i-a- i fl 3 I j^ 33 _oJ,I £ 3 ^j 

—3-xal3 . 10.7(1 ^J^LUlIL) 3>3 3 A Lc£~ Laix>. 

tjj 1 stlU ljui> 4jlr. (J 3 ^ ^3Lo — 1 j3 

.m 3jb3 





LLi J LLfcj ill Lo jin | 12 [ 

ijr Jt 4 3UU 4L‘vll ^ir. ^3^3 ^^oJS <jl_3 

Jr>j 'w ^3 J—jJS t 4 j> 4_ujl—>21 3j) 4 

4J-& ,_v>a ,j^i (a) . <.S^_ gji 4—aji—JfciLt..rJl 

i^lc >L_i—ii -uJ_>j L>! -^5— al\ 

5Li—Ju J—u o3Jt> fjyXi (b) . J^JlLJI 

(c) . <^S>y —>J! p.Lut ^£> ^3 l_i21_(_u 

4 _i_u O 1 4_Ujl_>Jl 3 c) n J J^JL-J,! ^JjlJuJS ^yCu\ 

jLL La j^lc 


^Li-«_uVljLL>l ^_u_>Jl 4iL>_>- 4 _bLL> j g3 ju —13 

VIL—C . <CL^ 4 __ lB ^J-uJ J^l jjl 

. 4 Li3 ill £ J_4> 


D (JT^I 7— ^—L^> ^)_4 4_4_1 jiS 3jl J ~l ll ^jLl-tl U — 1 4 
£jL-gij 4_j^ 4iJ Jo- 4 _ ll4 > Lj ojLj_<_u . 1 Os 
L_a . 4-uLa^Jt 3^ii_3Ji ^ a ii i 2 d ^Jj 

—J—!_uJl ijj-3 4.^ i ^.."{—t_uJ2 3jJ i2_l 1 4 :—uU 


£y&j — :>J2 ^yA 3jJj) jtX\ 4— sLLJI 

.iyOj 1 t < <ilt 4^^o» 4_f3 1 iU^A j/jiL" 


. jJlJI ^ j-Lu J>atf> J^JI - LJ 


(2L^)L*Jl ISLaLuJ JJlj ISLulSLU:J$Vl 4>^0 

. yi, „ \ 1 i_L4> 4o-j2a La 4o-1^3 l2m5 

Ijl ^jo -1 LuaLoj 4±£ t r? % is~> L$aia£ 4 _^Luoj j _8 

. 4 n y —4_u_J i ^.adl) L_uO jL S LlK 

4 t <^ill La t 4_^^o- 4 _bLIL I 4 ] 05 ^ ^ -^ 3 

. tjfZuus Luo^J 1 4^^o- ^HsLL (j'U 

(^i Jj .a ifjJk OjS V^C^UI J-BJU LaJ-Lc -9 

4_aj_3 4^oJ 4 a ^j-u^a^Lj LaJUn 3 ^£21 ^Ic 

{j! J_sj 3^_S21 J-»- ‘~“ i£\ 

*)L*_Jj Jj-u 3^Ja Jo(J_A 1 U 4 U J 

, l^jl j« 2 o cLui 3^S21 (jt^- 

l—3 JuL i^jjl <—cC >U I ^J_a jJ^jLai .1 ^jJt-<-ajl (^^^LbL — 10 
^IjJi 4 > 1 ^jLLi 1 4j3L_uJsS (jy-& La ~~^J ^ -L f . 1 . 1 . j 1 )S 3^^ 
.3^£2I e_sjL£ 4 - Lj! 3^521 ^ylc L^i^LL jLJj 

Sharpshooter 4^1 _aj 1 j_jj- - -11 

^j-a ^jLxijl—o-3 a ^n3—uol— loj (<!>'——^->) 

.0.3cm Lo^dua ^ 2 ^>4 j ui ^jL 

3jj_— i-iil_a J^-a A 4_j _BJ_uJI 3 jj—<- ol—a 

I 4 J ^j^SL_i_u ^vg_l 3 j_l 21 . 2 cm -j B 4 _l 3 jJ_ 2 ( 

. ^4_a^_ 3J1 jin 4n^_<Jl) 


FEOELEMS ai ! -50 


^4 Jlj—J . 4 t^i > '\j~ a 1 S^*^jLl 4 J-i l au JS — 3(2*1 


http:// www. sanunderscollege. com/ physics/ = WEB 


4_2x.L33 4:L^_ls — 


jJ-sL-LU (3^ cr^ u_<_i^L>2i — E 

j^xa^Ji ^IjLcij-oL j 4_j_o^j ^Ijjl = 1 1 


3*—xai2! v— / . lm . —>.1 > ^ tl ■ 4^ S 2o_>21 3-3_t-u^f 

<iiLu_fl 33 La j In 3 j .* mil ( j r A 3^j .2.1 

50.m 

(m= 3.35x 10' 5 kg) j_U_4 ijJLl ikj_ ^ -3 

4_L*_n j —aJl_j CJ_>u 4_i_)Lj 4— C-j —<_u _j S_ 1 _i_utj 

J_JtJ 4—a,jl_3_aj 4_j, x>>jVl 4_ujl_>Jl 

3j j ~i 11 3~ * * * 2 1 ^-4i La 100m 3^L> a.! 1 2oj) r ij 


2Lajl^>5^Sj JjtlLiXl JiaJl 1.7 

Ls>jl J _3_ a 4_3 _iL 3 J _ 3j (■ _ a 3j_L>L_J ^-3^3 "■ 1 

all-JU <iij_rt__i3 4_L_3_ lm ^jAg. 5000N 


ryi 3_$L l\\ 3*-i21 jl J..3 a La . 4_3 jL 4_n j-au-s 

S3.0km 4^L^a ^ <3^ 3j-LL3JI 

^1 idi i 4j \j-C. d*Sjl_a tki (Jf 3 3J-J-LU j-5Jj— 2 

25 L-Ajl j 3.a 4 jj 3-3_^ 35 .ON 3^-aj 


(m) 







‘LuJ^jaiM 4_o2L>Ji JLxo Jojui! J J1 jljJLa 

. 3j3 LUI o _LA 

;^u/U^lt - *jr'L»tf J^Lv 2.7 

£>UL_^Vi ^1 14 ^ 4 ] 8 ^ jil_UJ ^ 

.luj^iCr Jj^L 4 jjJl*J1 

4_re_Jx-<i B 3 CjijL ^.3 5.0 3jl J—a—A 4_ja- J ./Q A— 8 
tj-\j 4-j^l^Jl J ~ x ) U 131 OilwL-rwa 9.0 3jlg. a a 
A»B ^,,^1.50.0° gy^i\ 

La 4 In 3 j Jx^Vl 4 In 3 t ^j -4 A 4_re3_U JuL<u — 9 

wL_l<u 3 (7, 70 ) 4 ^ t.icuiJl 1 _^3L_lj i j^_>.I 

4 .L 3 j (jyJj 4 In 3 ) ^vJ B 4-re-xi,l 

c_o<_u_rwl (4, 130 ) tjr A 4 j iln,3Ji L^jLjjIJljv.1 

AB 

^)I B 3 A ^,K_jjL_iL_>. I (Vv^_re_3_^ 4_jl CxxjI —10 

6 ^ “L^ 3 ) A-B= 4A + AyBy + 4#- 

4-re-3JU Cjlj»_>-j 4J5?Jl_j B ;A 

.{5.7 3 4.7 gyLimj ^oieuLt-uij 

WKB 

_>• F= (6i — 2j)N 3j_ jJl 1 11 | 


r 

(a) .d= (3i+j)m 4 -^ 13 ! 

(b) $ =>Jt (Jy lc ^3-JL -2U J*_llJi 

. d 3 F l^J 1 

36 = -i+ 2j+ 5k 3 A= 3i+ j- k <jl_£ 131 -12 

C (A B) C= 2j-3k 

t. i <■»!.•>. 1 ^ i »Lc3!l 11 jLellxxL —13 

: t> 3 c>e 

B = 4i - 4j 3 A = 3i + 2j (a) 

B= 3i - 4j + 2k 3 A = -2i + 4 (b) 

. B= 3j+ 4k 3 A= i-2j+ 2k (c) 

It _JJ ^^L-j_3Ji »_ )J _LaJl i_< I ii , rJ—14 


(b) . 4_u jl_>JL (a) 

^q-j .18.kg 4 .i KJI L^A:S jjxljx-i 4_2^_Ua rxl/jI —4 

4,313 J-oJl . 4luL 4_^.^_i_uj ^J_ce_} Li, _X_Lj 

C_1j>.. rr.."u 3 LX '£->° 20.0 LftjjLs. 3 a 
■ 1 Lx.it 11 (jy^— 1 20m 4_2l_xu_>a 4_2 j In L 

cr^L^Ji Li 


J* 


JJI jL 


(a) .0.500 3 -A ^e.ln < n,H j 4 j£j^..lnJ. 1 

a 1—« (b) . ^^5 J_tlJI 


l —a (c) . 4_3^ LnXl (jr^ ^ L.^JkJI { ^yi —JLi 

. ill LLrv. V1 4_re_4xJ 4^5 LU I ^^3 J-LJI jl jL_<a 

2.20m UsLU 2.5 kg <ljJlLL JiL ^ 5 

4-3jL 3 3 nj ^.L^/aLo 4 j ci 41 4 i^ 'i a 


OH 


. P14.7 JSLUi 


LAj 

<n II jL_i_oV 25 4 ,^ 13 ^ Jj-<u3 16.ON 
33 L 2 JL (a) J^jl-xO ,am 11 i. *i u %.! . ^ 3 4^/1 

^, 3 , 4j4j) ^,-*Ji 3 3 _JI (b) . 4_*aa_UL_Ul 

(d) .4 _lxJoj 5?I 4_u3l_>Ji 3 3 ^ (c) . 4 <.n 1 U 

. J55JI ^ J 3 jA\ JS31 jLLJi 

^3 4l ^..In i u ^ic 1 5.0 kg 4 _"i.L_£' J2j lxTc_ia — 6 
4 , 3 1 34 J- 4 -AJ 3 70. ON U 3 I j_3_^ o^Ou 0 s ^Ix-rw 
JiJI ^31 Ijl .^Vl 20 . 0 ° 

jjLlSLI 1 ijJlLL-%.Vi ^J_<iL_xa 3 5.0m 4iLo_a 
33 _JL (a) . J 3 JLxli (JJL-Ui t axo^vI . 300 3 _a. 

(c) .4_x_cL>jVl 4 _ui3L>JI O J a J (b) . 4 _j2i3_^4-*J i 
4—re i. "i) 4 _2LUi ^3 J _ 3 _oil jij_ a—** \ _ a 

Jsi J^KII J q 3 .-Jl ^xx^.1 (d) .ULLi^Vi 

.^3-3xJI a£jj>- 4bUo 

WEB 

L 3 LJL j^Lub 80.Kg 4 ~i 115 ^LiJJ! 1 1 7 [ 
3 _^xVi xL^-lo 113 12 . 0 m 4 J 323 jJ_i—>J j _Ui 

6^? * £jj* ^ic. I ^ LU^jj-a 

i~3j—S U l—*a JlxC. 4_^^__>. ^4 ^Jl >J1 
4 j 4l^ 4x>.jJu 4U 7e_j c 3j 5 

L^JlIt. ^3313 Oj _re_uji 4_ 2 I_>. ^is\ 3 ^ 

1_c . ^ j xi 1 ^_4 60 J_i313 ^3— 1 >21 £_Lun_j 






I AjS Uaj JxU 1 


CeD 


ulj_>u i4.0J tfjlj_2_ a Ji_Ji Jjb 

Lfcjl.lrt d 3 JLLuj-uI wdj_4 (Ji*J O^-uj 
. 5 u U-, r i.vt i a i a ^ C^ 4 10.0cm 

-UflVl (Jj*-jJi J J- 2. -0 i_ l - ' .ll—>.1 


23 


Lfcilj_ a _ a 4_u-bL 


4JllU 


. 10.0cm 

04>j t ~W 4jl j-i* Jiu jCLc —24 

i>« d LfcjijJLa 4jlLxL_ol tiJj-A 
j\j. .4. a C-^u-Jwl . 5JI Wt I r>Vl jJj- 3 1—4 £_uDj_a 
4JLL1.J otj^wV fjMJl ^U^Vi JL- 2 JI 
. cl Li>jl jJLa cl^Ll^] 

4jtjioj-ut < rt rn t 4-43 (jT ic J-XJt-UO ^jJLj u-crcj-u —25 
^J-C csj (R L 2bj U4 ( 4 i j al—< a La 

tJfv.iuJ 1 (Jf 3 ^_c4>j_a jJt U-£ —4j| j]n < 4_a_3 

4i^Ji Iij (a) P25.7 

Ijj :4_^I3) .F= mg COS 0 CxjLtl 4_Is 12 

duSj^a 44jIj 4-^j-ci.u cii^stlu 4±£JI OjI£ 

<jl L_tJt_s 42ij_La_£_u^4J 4_j_t_ul_4_Xt £jl—tii Ul 

# 

(b) ^4_l4_>J ij—A —uo —t-uJ 

j-L-jJi c 4 4 <l^ i 1 4 w= /K*rfs (j^iiin 

4_Ioij 4—C.J i_iU 4tbSlH —st_l] JjJl -J .1 

4jL»jJl £/s .4 j1j2^_£_uV1 4 4 4 ^Jl ^l_4JI 

. 4^-uuuaJ 1 4i : ^U 4jv I j V i 



P25.7JS22 

4iV Jo 4_j_sLoil 4j_4Ji ~26 

. 4_olu —^ 1 ^j>.^. 1 .t*C —^Lo 4_u_L<l_i_u^ i dsljL>-^-Il 


j &l= 1600N/m c.-j--w «jjj- jt —j 

ijjj—uUL* j au . ^2 = 3400N/m 

^oLiJI Lilj-ujJI ^)1_s 130.cm 4-^L^n a 

ur^ 5 J-^' ^i )-0 (Jj^l £« >ijj) 

^u-«jJLs 1 4 £ ij^ySL-u^i uL>\ »■ -uajl 

t j-c 50.0m jlju 4oj-*JI i~‘<i 4j-3 tjl .^oLu-Ji 

4_£.j_t^Jl t v t i n %. I J 5 ! 

. 4o^otii <LuljLuVf 




«l 10 20 .HO 40 T»0 60 

Distance (cm) 

P21.7 jSL2f 

4_t_3Jub ^4 lOO.Og L^lL^ 4_t^l_jua^ C^ ollo 1 —22 
l i. i^y.\ l jj 0.60m l ^ i tfl & 

4_ Sij _>- 4_sl Jus 4 Its a s ^ A 4, \n a s 

^ 1 c _aJJLs) C> j—oil ^y-Loto .4— 7i\ UH 

4_3>LJLs JJl-4-cI.I 4- 

x 15000+ IOOOOjc - 25000x 2 

Jjj^JLl (Q* -cij \ <_ < t <t -v 1 (a) 4__t_ul_io5 

^_Lo4-") l aJuLc. 4 usl UD^-Jl jl-*-^^4 

(b) 4 j 3 i_ 4 .iL/a 4uoi 

jiO—4 .>5 l a 1.0m _i_uUI ^jj—^ 13} 

4 a j 0 JlA ^jL4j <■ -4o.^3 {JjJcjXi jJjutllJI 

.(a) ^ JiAIi 






(I !J_jVt sb^uj)' 


;ljUi_4 L*.V=() Ju.C i t . I i ^4 4 ^—>J I 

.v = 10.0m (b) v = 5.0m (a) juc. 

..v =15 m (e) 


3^-3.J 4j-Ju^. 4 _j_ 3_3 i LT^" 5.0 m 4-9L-U-4 

^ULjoa jlS 131 . 130N Laj1ji_JL4 4 jJa. ai 

_uuj <j jJ. lua 11 o^j bllLS^i—>.^1 

3^.Ja.lb JjJ— j-U J-*—<lJl (cl) t. ■ a. i—>.1 0.30 

l-...a.^.uj 3J>j) 3 all 4_2LLJI (b) . 4w-aJb->- " mi 1,1 

Ub Jjju-JLI (c) .bJL£L^l 

4_jj jl >JL> Jjjk-jiil <Jj»— aJI (d) , 4j—o_*Ji 

4-£j _>Ji 4_J3Lb (jr ^ J -J_*.."JI (e) . 4.„j..ijojVl 

.J^J_LualJ 4_uL^jJl 4_C,^_i«ttJI (f) > jJ.u^.11 


(jjSLi^Jl t ^> <a 40,0 kg 4.,< L£ j *J3j 


33 


4 _sLL> — _jJl 4 _j^-Ioj tjLi J j — 3J1 t UjX.4 j —34 

4_bj>_sjj 4 ljIj 4j^.Ic> j 4_fi^__>J 1 

j3j .j >. d.L^ t. 3,-uaj ^aJl^ ^LUI />j^-jj o>4L3 
. p-i. UmxJ I 4_$j_>. 4_u>.jLJ»J' 

(b) j (a) r* i i l , u I 4_I l—<_uJ3 0 a^S 

‘(d) j(c) uyj-*H 


. p-C-p. ,buJ 1 (yjs 4_jj!—3—o_LI 

Cj4! (ly 5 1 5.0 g \ £ ail £ 4 —udLljj 

c-^a ^1 (a) .4 j \u.> 3 j 3 _^,La ^ 780 m/s 
ol^ 13] (b) .4_u^l_u^jJI (jd-*- (Jjjl_JLI (Jjt-jJI 
i _ AmmLJA _ >-1 72.0cm 4 _i_ bj-LJI £>j^ i ^1 _ a ^J^Io 

t _ ;r Lc y ^3 ^1 4_JlSLI! 3^_3JI JLlj_*j^Lq jla_3_a 

(c) . F = Wl(d cos 0) cn. ^ 4 j^ ji\ 

iwL_u I 4-a^ol Cull! I I 

jJx. 780 m/S <\—C.j—j^j i—c4_a_Il^J 0 ^5v <.u] I ^wQ 

3 ^ 2 II (d) 72.0cm <tiLxi _4 1 . ^ 

. MICl ^ 4 ^- > 7 P 4_ji£Lll 
(_?3i 10.0 kg 4jxii^ 

LajIjl^ 4_uljJbl ^pLo ^ c£lu±a 

100 N ^ a All cidL£ 13]. 1.5 m/s 

4_jjij (J3L-U 4jjlj_^i 


35 


Jit ^ 20.0° 


l_4> N 


-JJLwJ! 2LS^^ai 4.7 

aii Ud 


/\ 4 Un 3 /11 jJx. 0.60 kg 4—Jlt£^ ^ . n 4 SLj-lm -27 

S 4_Lh3-J 1 JLlC. 4_IL^^-_>* 4_^LLd^ 2,0 lTl/S (jr 1 ^ 

/\ jJx. 4_~i_^^_>. 4_j3LL> (a) u_.4.i-u.- > . 1 7.5J 

^lc JjLaJi (c) Z? ale 4 "i ,c .^- j_u (b) 

. /i A LiJlLc. << \ i m . -> J I 


15.0 m/s L^l 0.30 kg L$ “»1:^ ojS -28 
13] (b) l ^ “i >• 4 _ 3 LL> IjIj— a _4 1 —a (a) 

4_ilc (jl ‘—l3L<a . c » - 3 c I. ^ .j 

. 1 ^ 4_3 Ids 


4_ui jJuVI 1 £~t.c. yt~u^ 3.0 kg La>^) \ a- 3 4 4- Ll5 29 
jla 3 /L» (a) Vj = ( 6 . 00 i - 2 . 00 j) m/s 

t__*_<_u_>- 1 (b) 4 ]rirr 111 ^ JuA 4J3LL> 

o^-j —*j 13] 1. $■ -j—1c Jja-0.1 C y l.< Jt J-*—wdl 
,(8.0i + 4.0j)m/s ^J1 l^j-- 

.(u 2 = V*V o' J^43 :4J^3) 

2500 kg 1 4 -ih < 3jL^ -“ 30 

1 j._n ^j_4 1 1 ^j-4 cl! y ^ - L iJ 

5000J gjla a a J-^LjlJI Jj-j .1^ 

3 j> \ j i_uJI CjSj —>o llU 3 ciU3 J-c— c 

3 ru dJl£ 4 Lj >.'21 13] .25.0m 4 _^ 1 — lm— a 

4 _ C. J -caJl (jr 4> 1-4 (a) . O-J^-kd 1^ 3jl-J-t-oJl 

4_l3sV1 3 yil 1 jljJLa La (b) .3jl_u-all 4_ul^lll 

. 3 jL-cuJl Lr Ll j3l L yl\ 4ajLdl 

Lx^ 'V V3 j nt l h5~ 3jLx-i-u ^34j —31 

. o 1 yA Lcu-j 3 j Ll<. u . 1 1 C_-<-<- U (jr^>- 

. qj^-Li Jlj 3jl_a_<-uJl o^j cJl^CLb^Vl 13] 

(b) ♦ 3jl—i.<.aU 4 _j_jL^_lI1 A-C- y i -d 1 {jr^ 3 (^) 

4-£l 4 n. 4 OjlLLs 3jl_p-ull ^^JjK-lil <;Lj! 

1 43jLxI1 4. j. 3-4^1 33-3Jt jljiJLa La (d) • d 
. 3jLi^JI (jr Li ^ySLjK-iil L&> j3! 

t yj l*_3j 4_jI^ 33~3j 4.0 kg 4_LLl^ yi-u y y3y*-i “32 
^< u. >J1 Ijloj .PI7.7 JijJL j_4 


(rrT) 



1 43 Hag ^y^si\ 


;s2Zi> 


(..,.(< n ,^1 ^J^LLaJI^ (JjLJ lJ 1 ^ijL^o ^IjLeJL^uLi 
4_Lb_>J jya 4_ju^Luap1 4 Jl3j-L- lm I ^jjl /yijJi 
. L#2s^3 4JL->J LT H^ OjJxSu 1 i Lp jp- J 

(j3L33 15.5 jpi SJl ^J-o-riiaj —40 ' f^'-} 

cL>i_S 13! .0.30 kg 3 0.20 kg L^aL^: S 

. \ _3_ a LLI ^3 fr\ _3_jjVi j.id i /^JLc. 

jJx 4JdS ^JS La jJl£L>.5n JU-aL 

.0.40 m 4^lu^ 1 $* L 4 

c-uL 4 J iilj—uj-i 2.0 kg 4_3Ju_S ^J-33 -J^jj -41 ^ j 
^ !3J . 10.7 JSLJi ^ US 500 N/m 3^211 
L-up 4 -j ^L 5.0 cm 4 ^Luu_* J. 3.311 

.(jjS_<uJl jpi lijpj (j!j3Vl j-L>^a 

4 4lL>J _x_ix J.22J1 4 .cj _ im i. iiu _>-l 

(jr a —3^1 In ^ LI (a) (jl—S I3j (jtjaVl 41 x3Jj 

J2—III <j^_j dJlSL—— x —a (b) .-jLLal 

.0.350 ^.Li ^J 

SjJLSJI 5.7 


lil^. J>J» 4—aj^LlI 3j J 311 U_pp_3_llLi i x < n .~V 1 —42 

L$J jp-x-uJ 4ajU. 4-Cj-i-u LpLUc.^ 3jl Jm 
1 l Ajuua-4 q ^Sj (_p>- * 4_jup-tL I Ja^LaJ 1 
jJx .^U1jlj>.I (LLjJ ^jLS 131} LLj!.j m L$j! 

(_pjl 4_LLjj.j. LI Cj U-aS 11 j^S3l «4J Li.uXl ^J_>- 
&Jd> ^j.4 UUjlSj CjULj_l-S L-£_>-LL^c_j u-3p-t_u 
^-3 3jU—iL 1 4 L.S JC'X.h.j.ii'^ oU—<jSJ1 
2 jL-t ((/ jLOxl Cj-& 13! ^cdJLU 

ulJJ Jpi j! (J2j 3 jLj_ lm j^_xZ5J dJLj^AJ 

4jJj-uail ^LU^LI CLiUiSJi JuJL>o T^llotlu-u 


.UJ 

^3 Lu-ut^ u 700 N 4jj^ i£j ^-— 5 ( -LuL2 
4_2jL 4 -c-j. j.i±j 10.0 m 4 J^ t xjj jl-III 
.4^>.jL>Ji 3 jJlU1 j!jl2q La 8.0 S 3jJ. 


WEB 


43 


3jj-2 (jylc. (J7 2~xj jjl 4iS aj (jl jua ^>Jl 5 jj —44 

IjJj 4 _cLuu 2.0 3jJt 1.0 hp La>ji jl2-^ 

j jx. La 70.0 kg 1 ^2bS l-x. 1 o_5IS 


^<U 13! . 0.40 ^ aJl£4o.V! 

j\j — 3 —4 1 a (h) 5.0 m 4__si x-u— a ^ 0 J \ )l 

La (b) 4 _j xi-ajVI 4 _u3L>JIj jJjt-ulJl 

(c) .(jJlSLzwVl t xw«t 3 j^3 31,1 43 ILL 1 jlj 2 -a 

(d) . 100 N oytlli P^JLiXl ^JJLJail jijJLa La 

.j3jJlLc^JI 4_S^jv 4 J 3 LL (jr 3 j-L-lil jijLJLa La 
jLn_3 JL.A4 ^^Ju-uaJi 4 f J_I_u 1_ a (c) 

.5.0 m 43l^a 

/j-a 12.0 kg L 4 . 3 13S —36 

4 ^ 15 ^ Jj -<u J3La ^."t U. a J 3 X. , t 

4-1 —3 _ ijj U-3\ —3j! ja . 35.0 

3j>_3:_uLl o 2 J_pl 13) .A = 3.0 x 10 4 N/m 

4_L_aj L^35LLul 4JL2 j 3.0m 43L_u->a 

4^3 l_x uJLl . cil^—xjpl i Ji juJ L^J ^~ LU 

^SL-a-j ^3. •%. iL ^...-1 jpl 1 L ^ L L_ i^y 1 ^_pJ! 

. 3^r ls\ 1 \ 

WEB 


l_AjlJ^3_a 4__uijLi_>l 4 jCj_u 4_t_3jJl 1 ^3Lir.L3 

allSL^V! u UL^a oLS 131 .i^p 2.0 m/s 
p,£ = j— 4—>Jpll j1lS.11 

t r x < u -vl 4—flUaJI IjL t__a ^Ij. 2 —j ul/L .0.10 

. c3l 3(j{ (J_l 3 4_>JjJ.1 U t L> 33 4^Lull 

jjt (j^jj-2l3 jL^ 3j^_uL! J^L> !3l “38 

(Ja. ^ > 31 4 ^jj.^ S 3^_3 jlLcJLouu . 36.0 cm 

(>a 1.0% (j^L^Jl jj_a CjUjj_ISJV1 

(a) C - x - x - o ^ w 1 4j^uVl p^Ls (jP^. a^-uLl 4X-J-J-U 

4—a! jL iS) 1 , U C- 3iSM1 4_Sj—>- 4—sLL 

<-L_x_q^—i—a (b) . 4 j^..i 1 4j1^j ^—Ll—LiL 

^ix- j 2J-3 (PiJI 4 —j_j j — ^SJl 3j — 3J1 jlj — 3 — a 

1J j 2 _a (c) . 4_3l_<_uLl ^)J-A (3^_^ Q_$^ 3-SJ^ 1 

i>J_A J>L^V (jjjLiSj>U — ( <t. 3,11 i- Li a uj -Zi —a 

.jjl^-tlLl Cy^b (d) . 43 L q « . U 

pX j—1-qJ 5.0 g U 43.S 4_Uol-LZ3J 3 ,'^ lJ —39 

(a) .4.0 cm ju_ hj 3 ^^_2 600 m/s 


3,L<s ja-_3 .a 3^j_5tJ (PL- W U 3-Lis 4j>Jj-a C x_»2 J 37 



lSu*Ujj4tj iCulSLiti JjVtsJ^&ll) 


lj| (a).(ajL-i-^Ji < 4 ! c ^ 1 - *- 1 4 1 

d_alio ^I-. <j b ,j_jJL_>. 1 (jLS' 

4_j _i_t^u_3-1 . ] .34 X i 0 8 J 

(J-* 3 £jl —l a."u ^ T l— * . 3jL-J—uoJLl 4_flj_“i u.LU 

Jl— <ubi oLlSLu .55.0 mi/h o^^Ji 

La (b) JlxI 1 4_xs^L_5_cj a 1 11 4__d^Ls_a 

(c) 33 IL*. I jiiii ^jLcujJI j 1 j_ox 

<^,3 (J-UX5 38.0 43LuaA ( X_L}_aj SjLu-uJI clul^ \ 31 
jIjl ^.a La . 55 roi/h 4-c.j_4.gj1 j_ic. ^j^JL^JI 
<>!>*JI fjylc. u^ljLaoJ j (jMjj.il 1 3l_LudJ 3jJuaJ! 

^ Jl. 3j L _u.i.u. I i j_ i-J - uj i—ajtic. ^4 j. 


. 4c-j_^Jl 


4-3 j— uoji.1 4—CjLiil 3 jLj _<_«Ji (jl 41 -50 

Jj —*_aj ^ 3-33 <-d . i^ ~i —uuj 2.7 J 3J—>JI 

j^d UjJ^ (15mi/gal)6.4 km/L 
o*L£\\ ^IjJLsL (60mi/h) 26.8m/sec 

l3j id^L £-j—uj\ (JjaJu-a L_<_ciL_>.l 4 _jjL 

^ v LSjJJ ^-jKO <L£Ji 

.350kg 

4-1 LuuJd j3 3jl j < nl! 4 rij^.A 43Luoi jJc. ~51 

J 41 - J j&3 4jjilall 4 _a3Luo^?1 3jJ 3II 50 
13} .1.54 kW ^ <3 641 
131—<5 i<_ouSJ3 jj ju 6.40 km/L 33- j3—33] l 

J-a-C. JlLc J 3 J 33 JI ^ i »I1 JjLji—a 

.cjuiii 

uLc^ AiJ l Ju-c 4_sUa 7.7 ^.a.-^ 

iLJ^* 


L* (a) 0 . 99 c 4 ^j_^ -52 

^ j-2cJL_4_uI L* 131 (b) . 4 _i_£^_>. 4L2LL jl j_3-a 
4_ixtjJi <—«.< a.>.i 

, lioitlJ 


4-_iJl—C — 4 _bLLd ^j-Jt-t.-q jjSJj-i ud 

~^J-A— uJ 1 4jjJ ru ^ 1J —3c_3 —uu L . C /2 



C^Jj tjl i <n - n dl 1 4 O 1 cr^' 

.1 1 - >-~ ■ ■■ ! 8.0m 4x.Lfljjl i_^4j.u 

. 70 % ocLaSJi tji ,^ 1 ^ 131 ;! 

( 30 . 0 bp) La OjL_aa 1 -dj_»^a -45 

vij y - r ~ 1 La-X^c. ‘L-LMjjJj 2.24 X 10 4 W 
27 m/s~ 60 mi/h LijljuLa 5 aly.io 2 .^^^ 

^Ic. up 4 _a_jt_ 2 ll 3 j_aJI J I J— 3 —C 1 -A 

. 4 _C.j-i.uJ i <?-LA jJc. 3 jLluuJ 1 

^1 70.0 kg 4 l~i 5 a skier j-L J -46 

L^> (a) (J_)L_£ 4 In < «1 j-) jJL- 5 cJ-a ^^Jlc .1 

60.m 431 <.» a 4_j-i_jvJ ^j 5L11 (JJj—uuJi j! j—3 _a 

jjj ^pnlj-VeL^ 30 (Jj-A-i jJi_^-La (JT icl 

(b) 2.0 m/S 4 _HjL 4 _C.j—uojj ^jjuiLaI 

ijjwA 4 _aj 5 LH cdJ ->41 3 jJ 3 jIjLLa La 

. 4_i1a_*JI 


t^a 4 _5>j—>2 \ 650 kg 4 _ TuL ^ wi— * — At n ^A ! j—4J “47 
3.0 S 3oi (jrlz-l 43 —A - u n i l .^ 3 ^ < ni l 

d_JiJ-oa (JI J-iOJ O jlii ^jL-ouJu 

OjjJk .L...J -, q jl .l a a l_a (a) 1.75 ITl/S 

^j^wAJ t ft 1 (b) . Oj- .n 1 { 0jJb aLj! udj—>J.l 

<jJj_s*_u_) LaJuC. 4jjJ3 ^_a 3jJlaJI 4jjLLa 

. 1.75 m/s 4 c.^ui ij 

28. 0W L^jjjl3 SaLuSJI 4__JLc. SaL-l^I 4_xi —48 

JL_A ^ 3 _Lci-oil >*J-i (J-^ ( _ y L *" ) 1 ^ ^ A4 

J a c. <jL£ 131 . 100W L^jjJ3 4jJL Aa] 4_d 

17.0 L^Iajj lOOOOh 3 _a 4.4^01 

750 h 1-Aj .a r. 4 jJLlL3jJ1 4- l -a- U I L a-c a j 

j_Lc, JKJt s^^wl O^JJ 0.42 

3 jJ 3 i^Jl 4_dLc. 4-4 ^U1 ^at. 1 era 

■ j .i A i 4 jJjL»J1 4_>_a1J 1 ^-a 4jjLaJ,L Laj - a- C . 

3^ 4 d Lau Cj !33L5CI i (j-AJ (jI . 3 j-IlaJ \ 

. 3^34 0.08 

S)1 jqqllj Ajdllall 6.7 m ^ 

Lsjjj 3 _a 0 $. Lj^ 400kg 1 Sj_L»_i_an 5jL_i-u [49 | 
J>j_3jdl ^ 15.0% <j\ ^ 1 ) 15.0% 




jb) 


Ai--»1t <JwaIx}f 


CjT lc k <j <j A 4_^3_/*JJ ^LuSH i_j j.. j-J \ 

J3_>JJ (J^Jo (.jr^- 4.0 kg 4-U^ ^ X u->- 

43^La 1J l—o—iLi? £->a 4 * .ibj i * ~u . X 

4 —jjl—iLL / 3 j-iXL x 0 - 1 — 3 - x — t + 2 . 0/ 3 

/ 4_b_>J Jail 4_5 j—>J! (a) u_~wl 

_Lui 4-xlx. SjJjJJJ ^jL^i 3 (b) 

J_l£- 3LLi_» 11 3j Jl_ 3J 1 (c) t 4_Ioj>J j^\ 

Ur^ J_ 5 ^- ^ J-*-^ W) 3 t 4i^>J 

- t ~ 2.0 {JJ^\ t — 0 ^jA ’Sj.It.g] I ,^3 ^ I.a'vj I 


jlkli ^ r -60 

fjLall (Jo5tJ -(P60.7 JSLil) JJJlI 

U 4 _i_ ^ \j 40.3 —<-» 4 —^ic 1 ^Jj <— 

£\JuJ$\ i 4 U 3 3 4_UiL ^a_j 

i—0 l~^ <j}jScZ-J Lo JLl£. . H 1 a ^ <-j ^ 

/3$U •>. /7 Jjutoi Ol_>-j jJl . * *- j J^c^uL-2 s i 

. 4ojL 



P60.7 J5ui 


3jtjjJ fpUl — tilJ 1 l—O.:!■■">- \ . 4^^_^«Jj 43 LL 

.0.995c (b) 0.75c (a) ^Jl 4o>_ 

Lfrill< »LlU-4 4 m 3 ««tl 4_^_>J! 43 Lb «_<_u-^w! —54 
u—a—*UI ^LUjJI —>. cji—bj 75.0 kg 

4j^UII (a) ^Ij-^i^Ij 106 km/s 4o 
2 J_sl_*_U (b) K= | mv 2 2 _j-SL-j_^>IUI 

. 4j ^ - l <.uoJ I 


0.150 kg 1 $~t L5~ (J^^u_s_J!; diV i_£ j_3j— 55 

l_x3 30.0 Laj!jl_o_a 4 ^!^ 40 m/s 4 _c_^_<_hj 

z^Ll I JLO I 3^£LI 4_5sj_r>J' 43IU j^Jb 

. jLm.ll 4_Lna > 

0.60J -X. /m\\ cUl^.~i.^u jjuJi ji ic. —56 

^JSU ^3 4—a£L-uL5Li-U 4 —aLUl.I1 

60.0kg 4JliTt5 <:! JO. ♦ 4_a— <-o.>. 4_llL^ £>_a 
4——i_k> ^..A La ^ 3 ! i < >1 11 aLul 70.0W J 3 3 ) 

• 1.5m 3-A 1 (J 3U (j I 1,^1 Jud i 


13]. a o-*li> ^jL^Lu in 4.iL£~ ^ u_>. —57 

4—ijIjl-IuVI 4Q^_<-ilJ Ij L 4 .Jt,ILa (jL^ 

^ jU r " .< « ! . ijjl\ 3-Ui {j^- Vj 3 F- 1 a A ^ u i ^ll 

JL 4_uL^jJ 1 4^^ (jl CjLuV 43 LUJI ^jjjLs 

, 4 j jb*_t i ^^->0 4 _U_>J ^ I 

x, / 2 = ' U . 2 + 2a-(r / -r i ) 





. 4UjadJl <?JO J_lC 


A (^jLiowl 4-^cJLa ^Ljkj'^I CX -J -L> -58 
1 q ' ♦ liiaj y 1 P 1 O Lj^ULj LoLcj 

—nJl z *y iX jjl 5*41 4 5 c_iii 

j-^.3! (a) A= A x i + A y j+ A z k 0 ^ !3| 
cos y * cos (3 i cos a ^ JU 13 j > . ti 


ZxXi\ (b) 3 (yL>aVl ^.Lo> 1 _ 54333_jlw«^ 


4_bl 



_*J.I j ii >d 1 _4 j_ a iji 

4J5H) Cos 2 a+ cos 2 (3+ cos 2 y =1 






(1 ISLulSuX.I: Jj V 1 4 j^tJ ') ^ Lj^ujJ t 


^£jJSj 1 ^ ~ - T y—m p~A ( —cu/Lu frl^JI 
4jj—> o JjL>oV j-)J_j>oJ 4_ujLj (JJoj iSj ->-Vi 

. ^5^L>L>JLl ^j-A 

• /?2 4 i i~i *5 ^j_al>- ^Ic. I 1 4jj Lj o -\ j-aa $^3 y ( -65 
d-O-li (a) t — 0 i X j jC. t j _4 ^ i ti *>nJl Ijk U 

3j_aJl o< y £ } ( j, JLa-au (jr lll 4 .JajcUl 3j, i 2, 1 1 jl 

m= j F= 20.0N cL>K Ijj (b) (F 2 /m)t ^ 

(j-*j 5LLa—*JLI SjjlJLII jIj Ld La 5.0 kg 

. / = 3.5s 

3wX *s~i i a (jrlij L d “ i A jd_du->. Jajj —66 

k 3_jJs tiijlii d_! . ■= 1 ...L 2. . ^ ai i 

(<u lij (a) (jjjjj^_ii. LIS’ J 15 

Ja a . £ ■ aL>ot J3 X ^LbI. 1 a a c_iJl^ 

J^ -» *3 L Ld^ ^_ujl! Jl a «._■) 1 Jc. 

jti-'-d—-^41 (j-L. SjjJ.1 3 j _ail (ji Ca.nl P66.7 

* [ _ 7 -A 4pw 4^a 


F = -2kx\ 1 


L 


lx 1 + L ) 


3j_2J| aj^j JjjuJU Jj_jJI L_add^.! (b) 

*X 0 (jyij X —A ^ d ‘ II , '> 01 X~*~~' 1 kdwLe. 



l T“b >Lid 

P66.7 <JSLui 


Ur ic- U^i-^ jj>> » Ajt^l JJ* SJi.n>4 -67 

xy i_g jj 1 1 1 U ( _ r s dJ^atJu 5.0Kg 4 ~l!~i 4 ^. „ -v. 
25.0N ^ F, s*_sil .P67.7 JS_LJL l_^ 

F 2 = 42.0N 5j_SJI !_< 0 * 35.0° JLyljjj 

(_,-3 ->J1 (jl —£ t=0 , t if . 150 4-ijljjj 

(4.0i+ 2.5j)m/s 4 " C y —l-uj d U> 3 j 


(a) /? v yJt> 3jlr>.%- ^ £l—33jl (jl 

clLit y. 31 111 11 dj ix —U ^jJl ^J-» Cu. 

^>1 (b) m 4 “J"i < jjf jl j. a cl> 


I Ju4> 4jju-ij ^jJ! (JjL-JIlll 

»1 

Jljlj l.juuLc ^J] ijJjajjj in) —61 

2 LtaLstU 3 a >oj 

5 k= lO.ON/m _£ til .F= -^:x+ 

<?i> iii H t v <«o■>.! j5— 100 N/m 3 
.0.10m cilj-ujJl 1 au LoJlIc. 3j-3JI 

(j-ul—tii )l4^ 4^.Iia.)l Jd^vl -62 

<—*-t .xJa-S ^-Ir 4.70g 4li£ (j-d 

4il^ jj dJj-i-ij .dJLio«.Vl (JjI^ 3.41 

iJT £y-lo J—>»1 4— a —^ (jr l 1 4. 1T l 5v JL> Oj — j — x —to 
dolij 4-LiCJi ^y^y-JU JlLc. . (jl_L_tO_3JI 

0.5cm 4 ^Lu>i 41X11 t 0.80g ojljul^ 

C-ul_J Lxtxi_ >r\ -« (j-C lj_J_*_S 

• tijj-xjjl] 4 -jM <^li 

l *5 eil4J1 jlLc ^Jtic_u_-4-aJ 63 

c-. <- l < /> 4—«L_£.3 (jy 3 2100 kg 

(j! J-j b 5.0 m —i3ji ^yA oJjJLI —<_u_j 

4__31 «-> 4^qL_£ 1 jJI 4_4ji—£1 jJI 

lj_u>a ( 3 ^~^ 12.0 cm 

L$J _LU 1 3 1 J-3J1 t lit < ay *1 A 4 a 4 ilLkl! 

(^1 *»djJU L«JLk^ ciljuU (jr^ 4_4iL^jJl 

. (jj^LtuJl 

.75.0kg 1 ^-lCIjj 4o>ljjJi ^"i bA -64 

(J-3-*-ul (^1 4->-lj jJI t_jl-i-u_LJ 

1-AjLx 2 A 4»£.j>_t_aJJ 3.^1 (^1^- 2.0 4jjlj_) 

4_jji^j _ 4 —t_ui ^3 1 4.m/s 

dLuUl ^U3 . 8.0m/s 4_ c4.0° 

jljL^C Lq . jTu.u-jQ ( jr Lc. 3jLu_uJ 

4_£.^_4_u ^ ir. ^ l—4_tL? 3j Li -<.al l 4_4j5l-ll 3j j_3J I 

4_4jLa^o 3j2a (j3aj.IL31 .3.0m/S 4^>.ijjJl 





I Adlla^ iJjlIJI 


J_3_3ii (j^j dJl£Lu_>»l cLJLjlA y£-i i3i (3) 

J-«l—«—« jl—S I jl (b)j J-jLI.1 j;j— j— ljJ>Ij 
. 0.40 ^LuSJI aJlSx.VI 


jL*_ka_a 0.40 kg 4 ~<l~ < ^Cxu—T>> <jJ-U ~ 

lLGLv jLxi-Ja-oJJ . $] 

^Lxci 131 . 1.5 m La j. ln a , 3^j1j J5Lg 

3jj J Jl_jui . 8.0 ITl/S 4-ui jG.4 4_uij_4_u 1 

Ul XMJ 6.0 m/s 4 ^ ,C.y i. 1 ! ■ ;. 4^)1 3 J_>»1 a 

( 3 ) 4 x(« >J 1 jl_4—GaiJ 4 __lx3>jI £_4 VI 

3j_>-lj 3jj. 3.311 4_iliaJi t. t.tu .^1 


70 


oljjjJl U (c) all^Vl 4_^ 

. lLlSjuj ^ I Jxi ^ < 4t ->J 1 L^j Jw^cj 


>\j£J\ 


4jl (jt j3 


71 1 


1.20N/cm^jl J— a —4 a J—i C-uLj 4J <jJj— xjJj 

dJ^ ^jJl !i! (P71.7 JIG,) 

^.i.-^.u. I.l ^ic. 10.0 4 j^ Jxcj 4_Jl t . 
) flVi s^-iL {jr £ liJj— y\—£j (jr a —3 VI 

jV-L^Vi 4 _ c.j _uu c_i_i-u_>.i .5.0cm LLaJi_ u^Lc 

£-4 (jxl—iSLll J—Ul lOO.g I—# 31~ £ 

4j^3 dH£i^VI JUaI 



P71.7 JSLG 

(jljjjJi JjLl 33 iCjljjJl 4 ojIJj ijr b —72 

3.X-j 4 i II CjLil.x all Jl ic l 4 ^ I_U 4-OL>U ^3-3 j 
l 4 4 n i CjLsLi-aJ.1 1_4 J Ir. j-bLlj 

^jjjLs y Lxxj oLu)_^Jl yA 4_£L y^yS . dy^-uds 

Lx i ^ Lj^- 33 Lenard-Jones j5^-jjLu! 

^ybl\ £ j_A jl Jl3JL 


F = F n 


2 l°\ 

\ r) 


13 


,(°X 

\ r) 


t^y^y *o (_fkJ 4l3 L< - u . l i ^_A F d 


4-^-,~J,l 4_IV JU (jGJ 3.11 yC. j. .1 c. (a) 

(c) /4a-a_->JI ^ 1c 4. ^ 1LJ \ 3^—3 Jl <--LLt i — > . 1 (b) 

43l_L> (f) 4 jul &ya (c) 4 £-y*-u c_<_4_u_>. 1 

(g)j 5 mll|- 2 4jl>UJl (j-a 4jj_S^>_>- 
. i /7?v- 2 +^F-d 4J»^U! ^ 4^S^ 



4— a _L_ be. _ 4 1. 311 Ju _C. —68 

4_fli3it-4 {JljJoU CjVlLxiatfi CjJ_ r«G . klJj.„i )J 


£1 


(3) .^LJI J-U£>^4 ^A 

oVl L ~. »Vlj bey 311 Lrx-Jj L-uLu-j l_4 -luj 

cjL*_}jJU Ji»i 4_3 jjJG ^1j hr \ i uL t_dj—xijJl 

^jJi lLGJ! yyc. .(Lesst Square) 

^>.1 j V ~ (j^ 1 ) ^-4 JxLxjj 

3*1 <«U Jj-4 yA (b) (^L3lll 
1 jl (c) viJj_f->Jd! dulii < u j a _^.1 . L-il_ j_LG1 

AtSSJl jl.x3>a Li 105mm dij_ujJl JLLgg^I 

: 4il < </VI r>-LA ^Luu 4 3l« U 


F(N) 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 

L (mm) 15 32 49 64 79 98 112 126 149 

4J (jr^- 200.g 43l:£ J3ib ilaJuGdl 169 | 

4 41 .^.ti. -4 v. 1 oj»— t3ul_il.4kN/m dys doL 

^ J A .iM-A J3 <41 1 kiJ^—JjjJI J_3j . 10.cm 

. ^^3_iVl (jJ-c 60.0 4_jjljj J_^<u J^l_4 

4j3L—latXi C.uunI 4-ilWll ^ ^ .3.4 jGtJLujL) 

L)\ Si-* lij" 1 i il ^ (jr^^ J-3GJ1 L ^yxbh 






4 sc. jJt i JkJLli JL 3 3Ji ,jl 0_ul Q 

3_j—ill O^J "2 pA'U S.3^ f4lj 4^-411 d ajl ^ a 
.<. 1^11 2Ati£ p o_l>. 2- pA'U 2 ixjLoii 

X= (jo X j_9_=*I! p_dJJ seJu -75 

3^-5JI j_pG Ctad x= 23.7m ]2.8m 

375 


F: 


x J + 3.75 x 


<* 


jjjLj . J_UUj X _9 ^jj__uJL F Ca. 

4Jl£J Jjlull J-i-xiJl 

C-OCJ . 4—>4jVl 0J-& —>- 3j aJi 

.2% JjJlv ^ 42j£ 3 dJLul_>-j 
LqUi 2300 j-i-o —76 

pL j^_o_3 l_iLIl£ (Jjl jLa.i uj\ {jj £l Jlj 

L^-lgS^l wL t- T. I {j^Y$ 4_JIjJI 4_L^j»Ji 

c—s LrA J \ 4_jL^j Sj-a <4 ii j 4 Jl!I oLjv^LLa 

SjjJa W(J\ ^J-Usi :T] ^ 4 

d <cli^—^—3-U ^ .cu J l t _ 7 -A W *4_^)_>. ( . ; t .Mil 

(I) Jl1Lp» t t^Lj-UnU 4_sL_tiit 

syla w/2 LiJ^fciu_u ^ ^jL-uj ( _ ? 3JI BjjGJi 
w/2 aj(2) ji 2<7 4^L^3 / ^ 

(3) L^ui t/2 /yQjJI d 4 »_4 4_3l_uu_>4 

- J> 

4-Sl j ti -a ^ < tt >J1 ijJj-zr "i t n bP 3l lo * 1,1 SjjJij! 

aljjt -L^m (4) Mu* t/2 <>«3Jt <> d/2 
. r spill ^ d ^Ul w/2 

4^x3 #7 = bwd 4 J 3 UJJ clJj! (a) 

<.ixojt (b) c-xx^LiuJl o_jLj jjt> b cu_> j2a-ojjl 

i CjI_L_<_uLJj J i— 

11 t n <s~> i 4 /^ 1 A> 4_d_JL«a_3 . 4__t-t^l_->- 4 t i ■>- ^ 

^Vr < 1 -ul .4_jr x**- is> hill 4 _l 3 jJ! 

-V .U <tfjl cijLlx^Lo Jixu 

LuJI Llolj 


( 2 b)ljjtl! lSLy»Ujkili^ ISLulSLJll ^bjulalt 

3j..2Ji Fq tjj ) UJ 1 jJu^oijb O >l$j —>Ji 

Cr^—* __^ <jr^ a =r j - lC - 

o = 3.50 x 10" 10 m j F 0 =9.6 X 10 11 N 

jcj 131 i)_j_5il Jjj—J.1 J-i-^jJ! <■ < m ,. -> -i 

n=4.0xl0" I <> ^ i^ *. \ (jjjjjJl jUjI 
r = 9.0 X 10 10 m ^1 

0.25 kg 4j 1 j£ -73 

6 j£_s ^ t r j-«-i • 4 _l2l^- 4_j_is' 4 i /-i 1 a 

jJij j -wVi (jfSj »1 i al a X a j n ■> - 

cJliL^-1 0^ l2lt • °- 40 k 8 a 

jjs> j ^'il li (0.25 kg) dijSOI jVjpVl 

iLJbUa — J » ."'l l cLj^Jaj J_je_j_^uLi .0.20 
x_ xj J1 (a) 

’ j a ^yts 20.0 Cm 1 d ^ t a iXl^x.) 

1 q ~ a! .>< 1 l-cxj 4l5 < il (b) j Qj ) $. i . J I 

4_C.J_^ <~,PilU l La lot (_p_v 0.25 kg 3±£U 

J_s> ~ i n j I^jL-B 4-ij_*_-d 4__iji J_IL)i 
L_xLtJ i 4-L~I^J I L-O (c) 4_Iulj 4 _C.^_i_uJ 

J -v 0.40 kg 4_li£Ji ( joo L^-i-oLijI 

. (b) ^ 4_^jI 1!I (j-uiu (jr ir. 

—Aj l < f \ j j-ct-fc •—<4_j 1 j) l a-x-uVl r «- ft 1-74 

^.P74.7 J^jJL 

^.l^il {j-a 35-4 c. dJj-^Ib At 4_jij<jjJi 3j-!Lail 

3 a! ^ tt % i uA/ 4-jsLi_ii->c Ant 4 .l 1 F t 

\ \ A > 1.1 4-~. ,.. l. . i(Am)t) 2 Li>jljLa-a 



P74.7 JSuS 




443Uaj4i.7J S 


ANSWERS TO QUICK QUIZZES :ACj>uJI Ol;lu*2l fuUj 


SI ^Uojil i4^vijVi (jr^ 4>sj ‘ u 3 a 3^_3j} (4.7) 


* (N/m) ji* JH o>^ 


A y A 1 l 


£j_ a dJLut <jy£y I— aJu-C. . (5.7) 

si . 4__>JI c\ _>ui {jr 2 ;iJl£Lu_ >- S $\ 

L g^y^- ijr 3 Lx. y- uo y-A JjjjJu-ss 

o y 3 . <?Lu>u! H^lJ! _i oJu 1— aJJlC. 

1. g v ^^xll ^SLuLu-auVI id IS T< -vVI 
^ U ^L>ul ( _^3 U3^ jjJu-uaJl 

. 4_j^>. — a J1 —« ^jL-u,>i—H-I i ,j . <ui i j3jjJ_u^J1 

ot ’(t30-^^ 3 j j * O' lPv—^W) 

. JLii^ju 4u5sjjn. 4_9LL> <jp3 ^jL.iuj jjJU 


(jV ^« ->J1 SL-*—Ji Jjl-±3^? : V (1.7) 

ur^- 3 L7^1 J ~^ 

. 4£j->JI 4jJ^4X 

LtjijJLs 0ytu £-3^j ?r fatx11 (jl (*0 (2.7) 

J * <~4 I (jLia 03i i£' mg 

oyil I <jV mgh yJt> h 4-g.i.uljJI 4uvijVi *Lj1 

*Lui ^Jjj—jJLI (_3*—*4— o\ —>ol (jySi 
0 JJt> 4jV I j. Aisy ^jLuU 4_jJLsVi 4_>-IjVi 

4_j J^-4-..C L^s 5 ^_oJ 1 4J1 .-»Jt 

iji&H J.t Jill . 4 j 3 4^1 4_^lj3M u k. 

. mg/t + 0= mgh yj* 


4 j q.S (j-Ujl a <«tl ol ^ (6-7) 

Cou —>.1 —uj-U (jl—s tjJji—Jiii 

Lr JbtJll HJj £-*3 ^41 ~<. >3 

4 j ( 4j ,T< j 1 wLl«J ^jX5Jt 3jl j.mll 

Ji —4 JJ—=e—4 ^^JxV J—a 

. 4. j L^J I 3 jLu-J I 




High^«nv<*r spoils <ar 


4_i_u3j^l 4»ujLj>JLj jJ^JLgJll (b) 

L_o_4jj1j ^jJlLloJ! 4_^.Ij] Ji£ ^^Jl-Lu^JI 

dl_?oi ^ 1 ,^ r 3 j _Hi *i_>Ji (jV -mgh 

4_t ol_>Ji ey _ oj (J 3 J—xXi Jt _JiJl .4_^-ijVi 

(jgb 4jV 4.q nbVi 4_>.ijVI <;Llji i ^-<2_U3 ^jLuoJ 

" s 

IjjLC. i-jjj) C. Oy-.a.] 1 i>L-^oi 4jl_>vli Jut 

3^-3j jJjJLoil ^i5x.ll jJji-ujJI .4x>*(jVi ^L>oi 
( ^K1I JJtJLJl .-mgh +0= -mgh 4_LjjL>Ji 
.mgh - mgh- 0 Jj^JI J j jull 


c £ 4- ? - 4 1 L ysjZi-$\ JLiU ( J -l x m C:t L 1 * ^ (3.7) 

Low-power truck 

^-cuLjHI c_2^-juaJl (jL-5 B- 2 i- j t A = 2 i- 3i 
tr 2 ^^.jJL A*B= 8 ^Uj>j 
.4uJLt-u (jA^jstui,! 3L^>J y i?L>ol 









(jr-3 fl-j k i * 

( 3_iLlj j—<J i -fl-ij-SLJi 

.U_jj—>JL) ^yjj —>- 

t-< C >U1 ^c_>.j)Lj <4-j-3 j) 

l.^Lxa <.iaj d-i_j__^j 4 _Js^Lx^ 


' .tft 

i»;-A * 




AiUaJl^j^lAiUs 

Potential Energy and 
Conservation of Energy 


u ^3 (j* 2 ) 




2l4jIoJl 4 2LuL-Jt j*7.8 

(‘s^Wh^O 

(Optional) Energy Diagrams and the 
Equilibrium of a System 

4^Lc Sjju-t.) <L3liall 8.8 

Conservation of Energy in General 

(Optional) Mass-Energy Equivalence 

(^£y L u ^ »t) ^ *l U ot)3-c»S3 10.8 
(Optional) Quantization of Energy- 


Potential Energy 1 2L9 lb 1.8 

2.8 

Conservative and Nonconservative Forces 

3.8 

Conservative Forces and Potential Energy 

2LtSLulSLdt WLalla)j itNri-v 4.8 
Conservation of Mechanical Energy 

5.8 

Work Done by Nonconservative Forces 

jru 6.8 

Relationship Between Conservative 
Forces and Potential Energy 


ISLujUjOJIj ISLulSLdl - 


. i ii> JI 4 £j__>J 4^3>UI 43lkJl yc. 3j 1 if. (jr&t 4^j_>JI 43 LL 3 tj-ya ^jJ_33 ^cj jjLujJI 

4xijyi_yl 4y>-l 1.1 43LLJI t£x*ajJl 45l_L> (jr Jt2 4iiLLlJ I 3jj_ua fJLflJ (-3yx CT^ 

1 g .4J Jl 3 ^lllj 4jjjJtx 4-^lla^ j-jxojJI 43LLa j 1 iHr.I - L$J-u 4_]j)Lxjjo yydj j- 3^3 ^L u i y VI 

4_Lulx> 4x5 (JxsLaxJI JlxC £x3aj_II 43LL> 1 Ju_a ^IjL^txjxii ‘ 4^y>* ^LL> u^\ Jj- 5 *- 5 j' d* -J " w 

4xxuj£HI 4£^Ji 4s|_Lo <jl3 (Jjy*- 0 (J*>.l J 4_lo3L»x3 ^y3 y3y3 LojJil . 4_La5L>Jtl (jr^ ' ^ 

Ijo!) . jxbjJi 45 Uo jlxxL4 (lxu^ jJLLi JjLjlj 4313^-4 £x4>ly>3 jsxx*3 4_y_uJ ^LtuJLj jl) 

. 4x£LjjI£1x1,I 43 LLJI uI^L>- I jlx4j l_5^_*j 43 LLaJ I jy^> ^y 3 oyjy^ 3 ^y ol)^^ 

4_u Lj_o£LI l ^ 4 I r 11 I U t I ♦ 1 Ij 4 j5v a atSLJLI 43LLJ! J 4 333 43 J_c (j^JI 4_5lixll 

Jj jua jJ Jic jmi J-j-lxjj ^ 1 »,3 3jyxd> y* 43l_LaJi Jjy>o Lr^" 

y9 jjyyll ^Jl^-xxuj LsjJil i_tLJ3j 4 -t 5 v-ul£^x 4 43 LL 4_uj-^Ji 43l_LoJt Jjjt33 Ji3^4-3 4 jjLL^j 

*4_j_oI j 311 4_t^|jj ( _ 7 _lxLxxI i.£y->.l (jr^! ^J3- L ‘° (ly 1 4_5lLaJl Jjy>o J- '* iil) 

. dlliJIj Ixyylyxyll iyyylyy-^ 4^lx4J^JI 

4jI 45LLJI >h 3-w Ly l»J .j-j-i33V 3JUvI^UI 4 xKJI 43sLLJ! ^jl.5 3j^xo y-a 4^llxJI J ^^- 1 

45liail y 4 4_j_^SJI ^iuiJ 3)^5 1 45l_Li 4_4j l^ \ a j I ^ ( »i~>- , i 3°i Lc Ijj tj_uu3 Jl^ 45UaJI (J ^ 

.^<_4_u_>Jl_> 41^x>JvI lL>Lxu^^/I j! 11 ^ c^ 1 J 

*POTENTIAL ENERGY X L§ 

(JLxXI 1 u i (jT ic.— j—>-] yj.i -v 33 (Jjlxj 4x£Lc-s 4_^x>- 4_5Lla ( _ < ..<. n 3^j ^xx—>Jl ,.(^^’ 

yo T 3 jj_uo ^. L.3’i x 5y-x) VI . cL3 Lj>J I 1J j±y ( *_50j 4x^L«u iijj_»uxU .y^LUl 53 
4c ^_ 4 — y Jt 4 _lj>-1 xoJ, I 4_5l_LJ I U 4_5LL^ ^yux i 4^LLaJi dJJt> . 45 LL 1 JI JJJ 

f ~ s 

y^ I JI (jA <;. .4.44. > • yo (J^XJ ^ Ij 4_djlxj.l I Vj I ( 5 ^_jlj q 1 iycj 4 ^_x4>jJ I 43 LL> ( ya 4_Ix_*—4 J^xx> Aj J_>o 

131 > j x juJS 4» j 131 ^ 1 ! j-xbyl I 4311a tjl3 44^13-311 jxiaj j_txju ^ La I III .(j/nill I g ' ‘<ri » j ^H_P 

3j-l!Li JjJjJLI JiAJI 1 -^, 1 ,.I< 1 _I jdLp- n_JjX_>i>.Vl ( _yic. 1 agio Ui < <<■ > (4^- lSJ-^- 1 y> ^4 l OjI^ 

. 4-aj) IbJLI A^LLai 4^Ha ^_i 4^iia ^ a < n ^>J 1 J->-l (4^* Cp^ 

Gravitational Potential Energy iSLuibJI <t24a 

»L]| yM.su y& 3^_3JI dL^olj ‘Wg ljJ-> 3j) 3 i 4 xLc j3 y ypt_i jijx> >[^7i iy LdJ-iiP 

y>a LJl3 (j I ^pa^-xSi . 43t^xv 43 LL 5 Ju^.3 ^3 ^_« 33 4 _ij 3L>JI 3^3 (J J-y .^xx-j>JI 

t__J 1_3JI cdy Jxr. . Vj 4-C.yx4 >^>3 4_>-^3 jL_4 _lx_ 4 (_ r ^- 3^-43L-ya ^jy. ^ -t-uJ 1 yA ^ ^ ^ 

y>a 4j^SUI 4x3 jlaxJll . 4jyy>- 43l_La c. i_4.u3 l \ 1 ^LlJL o 4c.j_i_u 1 1 < <[3^ 4 aL>ol < to 3 i xJ 4jL3 1 tn3 <mj 


. ■ Jl^jJI 45LL3 ^ ^ . .."t 4 ^ Ho <Ujy*JI 4 iiIH c y *- 1 L ^ 3 *'* 



3uitial! leu jit <L3lla J.-«%tt 


(TS) 


4_ul<UI UU& (jl ^i) ^jjo 431 4 .a a ^£\ lJLaII LaJUn 4 J 2 IK L^J U°j^3 l ; ^ 

^JJ £_uo^Jl 43 LK Jj^o OJurtJ .*-_JL^ii iK d i «ij Ujiic 43 LK ^1 £_iX>jJi 43 LK jJ yz~u<$ (JjU (J Ju 

(J Jlaj 4jU ( Jr i^- 4-^w^lJlj j UuUL l (j^il cUUii (Ju^a.3 U J uL f - . Joj) fl-i »11 ji^xCu-uLj 4 _£j^n. 43 LK 

iJT i^ u^JLaJI 4JJl-U fj\ {^-Ai JjUiUJl j 1 Jui 4 _iIliLo .4 j>»jJJJ <>Kt L*3ij jU-UU ijr U ^ * «"< 

all l^d^aiej U^l 43LUU Cj^lj L<U-^ j_Kl L_JUil 4iK O-lK UK 4jl q\ ^j^s SjU-Utl 

tjU U .1 (jylc «l!>3 jJjjllII JK:JI jij UK (Uluj (jt ( *UUil ^LKjl jiy UK UilK *4_^^U! ^3 

fr U tl tf Vl i^yA JuJU *U-u-U I ^U_3jl ZZZg jK>Jl 4^3 jl JJqa <— ij-luO jJa^aU 

f/g L 4 I UaUU*)I ye, 4JL*iULll ^_i-b \ 43 LK ^u-ul ^Kju &K jU!! cr^ 

: { _ ;r -4> jKojJI 43 LK 4JjUa 

4_ujL>J 1 jvC- 4l0iLJI £jtK^J! 43IK £/ g — mgy (1.8) 

J Jb ^<u-ii_->Ji {_yA 4j^Uo 4_o^KlxJ, 4.3LK 4__ujL_>dl ^j£- 4 \ niLlil 4_3LK 

((_)KjVl) 43U^SU J_>.! /jj^3 ^Kill (j^a jUtll Iju5> ^3 . 4-j_oL>Ji SjJij <L>a^lbUiJ 4 £y>~ 43IK ^1 43LKJI 

c ^ _ * 

^-<-uj>J 1 <jl j^ol^ILsl ^jU^-i • ^ y>*y\ (jx. 41 KJ 1 (^,3 Ij-jK j-Ki 

■Ujlilll 4^I^_>- 43IK IKK .4JKJI ^.a, jar-1! 4J^->Jl 43l_K_J 4-^^KUU 4^^>JI 43LK jyC 

*.Ka 3 4^t_ i.c ^u^> 1.8 4KUU (jl UJ»K tKi>U cKaUuJi ^i^-->Jt 4^_>. 43l_K_j L^LJu< (jU<u 

, (1) U^3 4ojK g (j^3 Oup* K. t-n £j-A 44j^^ii ^UuJV^U 

fun -X Cr^" (jK-tlJI (jrU 4-3>UJl C"^r _i) j)Vl LiCj 

jys 4 j^SLII 4x j)KU1 4 -ujL>J 1 jjjC 4 U 0 UI j-uojJI 43lKj 4-ujUJI 5^3 

. ^-<-Uj > J 1 j ^ ^ 

y f - JlUjI ^U3jI w 4iiK LJI 3 (jl KLK 

pl^JI 4 x5jLk« UUaI U IjI .3.8 jJSUJK LK 

# 

4KjK >-u Jqr tUUIl (jyU yLK.X (J*Xp (_r^^ I (j^3 J-lu~v 

JjjULI JjUoJI . /?zg ^jUa3j cUlUll 4 _^j jUJI 

\ y& d UjIjUo (JU-uV 4^1jI cULall CjJlUi U jJx. 4aJjUJI 3 

w g = (mg)-d= (-wgj)- (}.y -y ( )j= mgy t - mgy f 

f 1 u->- j-3 13 U !jl . j*j— 1 (4.7 4jjL*_Uj 43^UJI UojUiu-oi Cu~v 


rwg 


T 


-V 


^ J_jj^_JL1 1.8 JS^i 

jXc. 4_uIiUJI ^j3 4K_tA<U cUUII 
^Ujl j_yji _y^- ^Lfljjl j^o 4 _Kj a 1 <t 
mgy i -mgyj i s 3 'Luuy J 


J_>3 4jjUUj < 


> 4,a :a jj 1 4 j>-1jV 1 CuK LUK lwia->- Ua^3 4 jjIj 4ajjl_>Jl 5^3 (jLi 

.^jVi 



iSjaLuJJlj ISLu I SLdl - j/Vl*>?J0 


2>2j JiJ4_.il I Ilu-3- d-(xj- x ( )i + Oy - y ( - )j u> S^tjJ 4_;_S_3i 4_^ljb 

j »j S_u jL>JI 3 j_3j Jj j_JJ JioJI (jLa I jSLa . -mgj-(xy - x- )i = 0 jV mgy t - mgyy jjs> 3_uiL>JI 

• X tfL»ol j_l*3 i_£l y JslIs 

J..-v*j !a£L&^ U cLajixUjJ 4_ujl>J! 43Us tllgy 4_l«£L! 1 u i LajL-u 1 i a if . 

: L7^ 


W„ = U j - U f = (Uj - U j )= -MJ g (2.8) 


L y^l _>-bLl!l t—JLui (^L-uJ 4_ojljJt 3^_3j ^ (_£i ^Jf. Jjjuil J i» J4l!l (jl 4_5c_LjJI OJA (j^a 

4j_jjL>Jl ' t-» 3a ji 4_?- _i~i If 1 oJu5> <<iJJjL^ ■ 4_a^l^ i all 4_ujL>JI J-dsj “balls 

o' SlalSLH 4 j>^>JI UjjJ o' tiJJj ^ it } . 4. i >a. AI Lg-^J jLlill 1 <; A ^.jL^ ill J-tC. 

^u-uo>J1 {J ^£- 3^ jj J^JuJli J* <«11 .t u-l^LLq j_uoj (^1 ^ oL£Ijl»VI 4_LxtJ-i £-uaJ 

JpJJjj Jo^JL J1 fwloJ 4_! j_u ^£jJt (J^JuJU 4 J.jJu $Ji> (jlojVl J-Lc 

.Wg 4 <;j4 ^lf. joJjV 4j^VI (J3Li 

4Jil_Io^ (Jit < nil Jioo I ^ Tt a j_uo^jl 4 j9L3o - J 30 - I J_» i'll 11 3 j_>-j L 4 j-uAj (jr £t 4_u3l_>Jl JL^ w 4^Uo 3 _L>-j 

. A 1 i-J i A 4 _l 4^ i 



Ajuu^at V 1.8 JL1* 

(_^ JTx -<.u. a jL t^ . r Ij (_ r ic (j^a C*3l^jL b 3y^ jLo^I^Lj t_. i .. r .^ clL^al 

* L^io^3_i_u JuLc. 3 j^JI ^.lr. 4 oj jl_>J| ^ K1 1 J.t_JuJI u-ui_>. 1 t 4^0jlaJj,! CjLuI Jlj>-V y —0 

♦ CjLuIjl^V) j ^ j-a (jl ^^oI^IbLj djLsL_u->Ji j^.1 

c- <r .yii 1 ^ .L isp \ 7 kg 1 ^11*15) ^_l-Jj-iJl .^_LaJI L y AJLj jJlXaj ^Ioj3c_j : V^i 

(j-a 4-j^Jsl 4^ajlaJU-U ^-juojJ! 4_^LIo . 0.5 ITl ^L_3 jjI (jo: Jo^. j .*u S^JI (jl j_y^j "i an n . 0.03 IT1 
.jriJils U— mgy~ (7kg)(9.80m/s 2 )(0.5m)= 34.3J 33^SJI Jo^-3^, JjO Vl_j 3 j£L!I 

^LoJLj Uj= mgyj= (7Kg)(9.8m/s 2 ) (0.03m)= 2.06J <Laji 3j£L!l 

; jjk 4_ujL>Ji 3ja_> JjJlJLI (JJLuJI (j3^J 


W = U; -U f = 32. 24J 


(ji jJL-ij (jl 1 i;< aj 11 . UjLjLujow 3~ill 4_otjJu Jlo-1 j <« c. cr^ 3o3l_^J J-iJ kaJj 


(§ l ) 


AatiaJl AiaUa rJ^aLoll J^aUt 


^Jj 4 _j_laul11j 30J ijr A 4-ajla. i-aij 4_^Uo . l.^Io ^ 2lu -u aLol 30J tfjljJLa 5L*_43 ^J J—u 4_j_jj>L>JI 3jJi 

. 31 <i.l 1 (jjjS 3^£2 1 1 Ji-U I ^-Lil 1 1 4-4-3 

(J-uoi 4La-3^ (<^ojVI 1.50m —33jl ^ic. L^ji jj—33 <-.< x5L1' —^*-3— t - uj 

Uj = mgy f = (7 kg)(9.8 m/s 2 )(-lm)= -68.9J ij\ .xX .oLulo^MJ 

mgVf = (7 kg)(9.8m/s 2 )( -1.47m)= -100.8J ollj^j 

: ^Jt> 4_u3L>JI 3^3j J^JulU (J* Mill < _- r JLliL j^ 

W = t/,. - U f = -68.6 J+ 100.8 J= 32.24 J ~ 30J 


Elastic Potential Energy: 2tLat5Ht^j^l Ajatla 

L$J ^ylJi 3jjljl .2.8 jJ^LtlJl—} ^_uO^_4 L-4^ (3-33 4— 4ifl jv ~t 3i 

5j^3 4_Lx<-o1^j Jj_x tl>l JLoJI (jf Li.aix. Jjl.4-uJl /_y3 . F^ — -kx 435L*JL Lr I^jtj JJiiJI rjJ^c- 

:4_!.iLtJL ^ l->* i ^J-uoXa |J-33 ^JLc. 

(3.8) 


W. 


jkxr 


2 Jr v“ 
2 /CX/ 


iSj^~ ^ —"0 ijIyjVi 4 to 3 j jJ-aiil 4-oSt^ll] j 4 ojI JLuVi 431 «,»U (_^uL3j 4_JL>Jl oJufc ^3 

lijju jl i ii alt i^ Ilo i u~> iLUja Jug 1JU W^ <jt 

43>LuL 4_ajJoJ.<>-3 4-cv 1 t^aX 1 4jLat£J! 4jI 4 l3LL> 4JL 

^3 4ial5>JI 4_jjjJU 4 jsLLd H 4£t 2 (4.8) 

<jl Lai) tiJj—jjj (_y3 4_jyj_Jt_4 4 J 9 U 0 LgjJ ^^j-C. 4_^ajJo3Jl 4xaL£L)J 4jj^J,l 4^1L jl i ~ r 1 ^SL«4J 
^jJIj 2.8 i ^yo>jSi-£) 1 LiJJ3 j^. juaJiJ ^3->“ . 1 4-j_i_uiJLj i l la-i n i 1/a ^! LLa^. t., t^>.c 

ijJj-ijyJ! LLaJuJaaj (2.8b 5_iJ^_j-iyJ! ^L>o jJiJil! xlc. .^j-oLai ^lr> <u Lc^-lIoj_4 

^31 (jr* j3JdS JlIc. . 4-Lai£Ji 4 jjj_U 4^ Ho X 4^1 t it A 

jJ-ijU 443Ho ^^3] 4-lai£4l 4 jj^J,I 4_3lIo 4__3^-4 ijJ^_LjjJI Ji^ju 

.(2.8c 

f 

.X —0 JUX. Lilj-jjjJI La. 1 lx. l^-n-uo ^_3 4jj_I4>J.I 4j_alSJl 4 jj^JL1 4_bLL» 

■f t 

lLU 3 ^.ix. 3 j5L-X . Up<ii-i <a jl LL>j.» dJ^_jjjJl L)^3 LajJx. ;Ln3 4 cfJ^-u^JI 4jj-3xt_a 4 J 3 U 0 ^iiLlib 
LaLa-i Jo j ii-i ia LaLa-s Jo • i^>. i a (j^L) La-LJx. La 4-Lai_$JI 4 jj^J 1 4_^Uo ^jL^ 

£)l Jo.->-5L} iX^ J-a 1 , < i xjLxIu 4JualSJ( 4_jjjJ.I 43Uo t . (^j^Lw La j —\x I J)3^ LajJx. 

. Uo-toi-j-La jl Uaj« i>> a LiJj_ujJl L) 3 $j LaJiic. 4-x>-^a Lul-5 U ^ 



• x ■- 0 

H I 

I 
[ 



n ^,-id J—O _ Xjj (h) 2.8 

^L>o 4 jl2J HI 4~:l7? (b) ^^iLq! / jr ^S! 

-Lie, (c) X 0jlju3-o Hal a >1 l.t.Li.n a >jJ^_j-J^Jl 
43 LL 3 (jLs {j^JSx.1» 11 ^J-A 

<4ij—-i-ijJ! cr^ ^ 3 —^4j^aL£Jl 4 _j_AjJL1 

. jJ-ilU 4-^Ua 


(a) 



f-> |ftx 2 
£, = 0 


(b) 


x = 0 

i 

i 

V 

-=^wmw\ | 

l 


<c) 

Iij x 2.8 

CONSERVATIVE FORCES AND NONCONSERVATIVE FORCES 


^Jl ji <>ln i lJ5j-*-u ^u.a r>Jl 1^1 Ca ^ic. Ju4^JU V 4_u j>L>Jl 34lr> <<JjJl_lU 

4_^_pj 4_^LLiji ^3 Jliill jjLfi j^j^. 1 4_p-U i j r ^ j_£s ^X1 .JjLo J. 2um\ 

4 In . «1 ^j JjJuIl JJL^JI (ji ^<u-u_>Jl 1 <flLuiJU a■o’i«j JjLU ^jluJll 

4_a- Ci > 4_sLLJ( (J7 3 a^ll jl i*r c VI Uai>-! lal ^^>>^J1 < din^ <jl^JLi ( _ x Lc. jl<C< t j 4oj jsL>» <>^3 

. 4_ti3Ls^o Jk_lC. i£j^> Ij 4 J^l3L^q (jyij < juJLuaj tillj J)LiIu-uf (jS-4-J * ciUSJbwVi j_£^ 


<_di 


Conservative Forces 2UiBbtIt 

:^aLqL 4> (j O -i-ualiv. l^J 4JLj^sL>JLi 
jUa> <_ r Lc- JjJLjJU (jl-^ ijl 4_ka^Lrt_«3 3j_dJI (1) 


4_tx3L>J»l 


.^4»^>J 1 jLl3 jljuV c3v 

J^IjlII jL-uJ,lj . Ij.d i^-» ^jLuJ 3^-*-^ ^*'«> Lr^" /lull (2) 

. ^4_jL^_I1 I 4 lr\.*u 4j1juJI 4.1-^^ > 4ab ^ <j <__£ jJl ^L«.ui>( 


^<u% jj^j i _ T ic. ciJ^jLi^Jl L^J 4_lb^L>JLi 4ilL«'^i JL>»i ^Jt, 4_ijaL>Jl 0^3 

|<Uu> °3^ ^Jjt-duJI ^jp3 i^Lj-uJI X 4 1 <<jif (JL-^ 3 (j r& aJ^JUjJL 


(28?) 



4j3lla)i itiUa ijy.ljjl 


(jl 5JjL*II e3~& {yt . W^ — mgy- — ttlgyj jj& ^1-iiii jj-o ij^JlSLi ^rTit-iii'i (_£? ^_i uJy^o 

. jLuuJLi ^Ic. .><i~< ♦" V mi's-U SIj ^IjujVI y 4 < lo W ^ 

•0'i=jy) jjl'La jL-.t-a ^y3 ^-<-uoJt La JuLc. W^ ? — 0 dUi 0-“° 


4_5^yLAjlj Li »j 3j_.3 j JjJ -JO W^. t (jU ^ i,n ->JI <Ua<)ln it* <ULo. ^y3 

W v (j^ 4Ja3b»_j 5^2 (_y* i-<Jj_j-i)Ji 3^2 (ji I_f>-i-i 3>a .(3.8 iijUil) W s = \ kxf - 7 kxj 

* 

. (j Jj t J U jL-aJll 4JU /_y3 \jSUS> _tt3« ^^yjljujVt A* ^^yJjijkOw! ilo 34 Jl 4 " 


. Ho.3 3 4io3L>JU dlJi cl^.1 0^H5 4_Lo3Lot-a 3_^ ^t £-uo^JI 4 J 2 H 0 (3^LH L-ltSbu !j£bl> 

3 j^.i^OJ . (Jg ~ fflgy 1 41 I ^ If- A-J.^lL-lIl 3 j) 3 ll 4 i_>-I j ^ 1.1 43 llo cJu^-ifcJ O^OJ jjjLoJl ^ < ti 3 li 

4__u!jduVl £xio^Jt 4_3Uo ^^L_i_iU 4 Irt^L:*-— a 3^3 4io < >tl ^0 W ( . ^JjJujJL! ^Jji— 4uJl Oj^b ^°Lc. 

.4_ul^jJl 4_a_utl1 L^-la L>.j^ia_A ^vajaocJJ 4^l>- L^i.L 

aI^LsJU JjjuJLI iuJI 


w c = (/. - Uf = -At/ 


(5.8) 


4jjUi) 4 oj iLoJl 3^3 4-b_i^i^j Jjjui.1 (JjuUJI 4JjL*_l 4_aL*JI 3 jj-uoJ 1 L^jl - edJ 43j^_t^a 4jjL*i,l dJJb 

.(3.8 4bUt) ^ Jjjai Jj^l ailj^j (2.8 


Nonconservative Forces 2UL^L>*4^u£ ^$$2 

i _ r Lc L^jju <E 4^Jv-uLSLl 11 4-5LLaJI b-<Ju t i ii iU CljI£ fit 4,PiiiL>wa c)^? 

(3^b* t_7^ LLi^ ^“ 4 ^3] JLUI jJa-L-i-o .£-*3^11^ 4_^_>J1 ^_ 7 ZLsL!b ^_<jj3c->5 L^jI 

J> 

iUjLt$2i i laLu U-b .ujLi£L!i 4^11 d i j f -A L y3Mj.2 ^^SLuLl^ji ciil^brvVi 3 j-4 ,^-331 

cQLkii f^4-J .^t_Lkj_oJlj c_jLTc 5L1 1 3jl^_=w 4 _j>.jJ ^_n3^_3 tLillSJc-^VI 3^_3J 4_?r aS\ > ♦ <L^IL 

.20 jjjua-g]) ijr 3 i ^ i <ij jj i—t4 _lLw| j 4_^lio jJb 3j1^_j>JI 4^-jjJ l^-o- 1 x^aJLt 
. *II j-iC. 4 SU 0 JI 1 IJL4J ♦ i_JLi$L!L! 43Ho ^yjl t 4ul-xt jJl 43Hail t Jj^>o 

, 4_Lo3bt^a ^-_lC- 3^3 L^j 13 t^Haail 4-i^Lubl-J.t 43HoJI 4_^_3 ^yc> j-t aj clU£j(->-Vl 43 U 0 3^3 ^j] CLp> 

j»3 c- 4..t < .u ^yLi 4 3 j 3 ? Jjjull ^Ji rail /}I 4^»>JI 4_3l_Io ZA\ 4^^1o_j /v-a 

ubWxIl j-u^_^l.lj ^IjOjVI 1 b34 4^^j>Ji 4>3lIo tall J^H » j .^-oaoHI 4_£j^j>- 43Ho ^y3 

3j_3 4_l 3 ^3j3 i-lL&Jl (JLj-a j—a ^jj1_3_j L-C.J . I 4 t ,J_uoi^Ji jl <nll ^jrLc. j 

S' 

4_rt_uJ 4^->JI 43Ho tJT 3 ^y-jJuJl (ji-3 17.73- 4 JjL*-oJlI l.g^lo l_sL<S3I qaj «Ho3L>H! j ~±£- 

01 jj) ^3 . 3j-3 4j^L3^ jo jj ^jJI jl ctJ.1 d c<j . > . ^^friction = ~ f 3 -^ cdl CL ^VI 




4_aLLJl jL-fl-AJt 3.8 

( _ y 5v-i_3Li-j^JI i_il LSu_>-V t ay-3 4_7c_uu 

4_LlUI i jL. fSllt 4.5>_Lt-u-i ^ jJt jUa.U 

J— a —oJl - B 4jo_fl_Lll A 

Q-Jj^.1;. u -t_ir. i> I 4 -i 5L«->ISLtl 1 4_stIaJi 
jl— luJ.1 4J1—>- ljr 3 <U>} j —$_>-Vt y\ —t*J.l 


ISLwLudJl^ 

.3.8 ,JSLj; d 4j^Io .a das*- j^yic B A 3 ^ JP 5 -L 

jjpj-Lf u. jLSLII 3 ^ <3^1 • -./fad 4bLL 

4JL>JI OJJb {J ^Bi . B A (jji 3^13 i 3 XAI 3 c Cj\-i-C. jL-cu-d 

dS>j—>A I 4_bLL> {jr ^ j. j t 31 1 ‘-tU jJ 4-Zt^- C u <y J^Ls l j Lmi U 

, ^ t 3 " m U Ja_>Jl 4JU ^yB 4ic ^4_JL_u SjLuuYi) jljdlll ^B 

—ffJi d/ 2 L^l 1 ■! a 4 _bLL> {jt b »?3 i ^_^£o <ULj>JI jut {J y^ 

4 JU ^2> 4jI da.^-Vij t la£ufc . 3^31 jJi t 3..^u ^daB t<;r & <rf <—■ uy- 
ijy jl f 11 U 4^j_>Jl 4 _bLL> j..j. » TiJ 1 3 -a.3. *. y 4LbL>J.I j ..j . C , 

.liLO- t j L Jin V1 £_ua^JI 4 bLL jdd JlLc . 4ji-$-di^ 4jl3-dl Lda^i 

^yjl 3^-JU i-B^_u . jLuudl tjr Lc. 4_t£_uL£-dl 4 bLLJI j-jJljJI J_cIL*j 

.5.8 (^yB 4 L I? < 1 1 oJJt 


*Lstlaj 3*8 

CONSERVATIVE FORCES AND POTENTIAL ENERGY 

jl t.u. U (_yln JL a 3 «.jV 4 LbL^o 4Ui»(^J ^-<-a->- JjjUi 3* 3^L_aJI t _yB 

i-lij jJ 4 j5c_uLj . ^ x.n rr I! 4_uL$jJ(j 4_uSjCuV! CjLjI JlJ^VI ^ ic. da^a B 3* ^di Jl 4*C I ^ (^5J1 
4bLL ^yB ^1 lit 4 i 11 3* 1 3^ -S L ( 4BLL 4-J \3 

X J- LlSj^z-a Lq^\ lC. F 4 LbL^o S^B 4U...I33*4-d^ 3 * -^ ^ * 4_o j)Li ^ H 1 

w r = £' /<; dx = - au ( 6 - 8 ) 

LJLai 4la bLj^— a a y cJv 4 ^—d JI —.4_>-l^VI ^yB F 4 x (jr^ ^X 

AU jl 4 —bUo j-xj, aIlH «-Bj *_> JJi. 


-*_! CJ _ ; ^>- <0 ly ^!1 &X gl 4_cvi_uadi ^-uo^Jl 4BlL ^B ^_l*_JI 

= u f ~ u i 

:3j^aJI l _y£ 6.8 5J JiLatil 4jL}£ jUl 

AU = U f - U, = -fjF x dx (7 - 8 ) 

tUi UjjJii cjj^_=tj Lq_^ ^L^oVI Lo-^i dx j F x (j ^Li 1 _*jJr. 4 _J 1 m 35 ^ AD ^ 

.^I^jVI 4 Ian ) i?Lr>o ^ t u ^ \ £-B Ju LoJut£. j! 4-u3L>Jl CJ-^j ^ < n'v 

Jju j! 4^j>_>- 4BlL <. ^ 3 I 4_ulSLal jt 4_Jl ^"<-^1 4 j jJ ^ « ^>31 q\ j_ua^II 4 bLL> jdla-uaXi 

i^ya j->-^ j—uax»j ^ u_>JI ^yJLc. 3^3^ 4 Ia°iLje-_^ 3^B Cl>j L_fl 4 La s dJjj—CxAS ( J)1L j La J—in 3 L uo 



(^289) 


43 Ha)! iJ^LJ! Jhorttl 


£_HojJ 1 4 3Uo ( j^i a '\oj jULrfjj 4 )n 7i '& X- 4 to 2 l) 1 jb*_b (j\ ^j^Lii {_yz \—a L-JLx. . 4_aj) laJJll 

L^jl ^ ic Jl$j>J1 43llo 4_Ib t— (^5bu * W ^ * < iiI)L> 


t//(*) = -f\' F, dx + U, 


( 8 . 8 ) 


b<a_3 JojLOtHJ 4_*_a3>l 1 <J_1Lt3fc ^vu-jJ - jLL-uVI 4 Lxoj jJ-C. j .a 1J 4jjLtai>o Ui 4_a_3 jbvb La bJLc 

43 Ho (JT $ j ...\Jio <GjIj 4_j^Sj Lf j- (X ) boj3 4j>.l jVl {^yJl ^.ijp *—^3 J - U 4-4-3 ^i jjV £/^- 

‘J-Haj-L Cr^ 4_ayif_a 4_lo3i_>J.l SjJlIl C3 jL£ bj . ^^oLj-3 ^ jl X-^-a ^3 Jl$->J1 

Xj-^1\ Xj ^Uaili LaJuC. ba ^ -t -v La ll £—Ha^l 43Ho jJJ jh ^uiuJl i__jL_u^ 8.8 yj'ud! 

<^,3 4Jb U.Uo 4Jo3b*_a 3 jJj.JI ^j_^J <?b>ol 4 _oHj^/ 1 4-lLv. {J7 £ 4j| Hoov.^Lj <jl 4_.i 4 aVI i j r c, 

. 3U_i! Cj^Lj 4o»-l jVi 4 _ILn. *_uo^-ll jJb lLU 3 {jl l$J3> L>^ * 1 L *3 X £-Hoj_U 

CONSERVATION OF MECHANICAL ENERGY ^SLulSLqt AilLJl >toh* \4.8 

tjb UjU, lla. 1 c. L$Hj HLb £-a 43 U 0 4 J ^jja h ^Ljjji ^yij .Ain 

u_>J I Ha Ltf-i u j Jlc. - mgh ^jL.ii} ~^_cu_>Ji ba^Ha-H 4 _ijjL>JI ^yc. 4 L 4 uLJ 1 £_uo^)l 43H0 29 

b] . <Loj).to .<11 £_iJo^ 43Ha ^wo3lJIu L^-t-u j 4X£”^-^- 4_3llo ^JLJLj^ 4_lc.j_i_ t ; ^L>u Haj^ 1 4_jl3 

^.lo .i A Lai^ 4^ja>- 431 1 ^_uo^Ji 43Ho 4>3^Lia jJHo Cjl^pJJLl *.i jJLa-A) La 

. ^J a la/V ^ 1 <f>»J i 

^JlLa I J_A . 4lLslj (JIoj E 4jJi£JI 4_jSLjj15LlI.I 43H0JI ^1 43Ho ‘ 43U0 £j_<i_ae_4 ^jl 

. 4xSLj HU I 43 Hai I HaJijfc. I Ju_a ^_La 


4_3Uo ^3 LH (_7-b. ijL_Jli IJui n 


11 ; 


u=, 


11 ■ - >\J 1 Hoj 


4Jl^. ^ 


4-tSLulSLit 43HaJI (jl Hoo^V . 4 Hj-oJI 43Ho ^3 4->jl < u 4 ^i) 

. 4Ho3L>%_4 ^^3 Lh* b ^*■> j- 4 j^LLj ^L-u->-^l 4 HjIj J-Hj 4^jP> <.4 

LutH^ia 4_^j__>JI (jr l3Uo a L$jI (jr^- i-3j—atj E t^HoJi 4_j£LjHL-JLl 43Ho 11 C-t_i_"^- 


: 4jL£ 


4,. t 15Hl 4 _iHjjI£LH 1 43Ho 11 


E =K +U 


(9.8) 


< _J-UOj5tJ 1 jH-Aj — Ej- Sj^UoJL 43U0J! Hobo- ijLlyO ^-f-L*Xll 

^ sLkJI ^4 K . + u. = ^ + u f (10.8) 

4jjIj 4Jj^_jl^ 5 baj) lo H 

Fyz 43Ho 4jlj] jl 43 Llo1 Jl-C. 4JU Ho^ 4 4_^xot_co 03^ 10.8 4jjLHl Hoo-^Lj {j\ 

. 4-ajlo HI > b ..c lr Jwt3 4-lo3bc^3 j-±£. ^ ^3 dJllA {j\ 1 —Ocj^ idiJIi {^C- Sj^Lc. . 4>a jb HI 




(2bjt>ajt 3-ulSUl - JjYt 

dJjL.u 11 JjLjSiJ . (j-ua-ojl ljoS> 33 ( _^«j_>Jl “3^ 3^-^ LI '~ 

4j3jJaJj 4_i>-Luall 4_u jL>J I Jd- 4Juilo 4_3li^ ^J] 4_3j. ]n 4 11 4^_>J1 43LL> 3- 1 ^->0 

4_>-j Jo ! ^ r i£. K $ ^3^o ol^ <3 j>->- 43L!o 43^3^U Ijj . ^J^jjlJI jL_uJJ tJy 3 3X3“^ (_3! 

^ ir\ 4 1 (jjJ j 4_5jJo_U 43^_>. 4 _£sIIo 3 uCl ; ^3J , ^ 3 31 3i_3 ^31 3 • ua f ^ T "* ->- 4_t_3L3 

^lc ^>o3l do Jo 1 gK 43j-H.U 4-Sjow ^5 £^ut*f LdS” • ^j£La^Lc £j^_uLj 4_3j..Iralio i_cC.^Ul £-jJl> <339 

Jo nil Jo$-^l ^foe-do • 3^-^ Or^- M-*du 3 jo (j3! iS^3i o3JLA 

j-±£- 3 ^-* 3^5 J 01 Li-io j3 ^j^SLx^s 3 3^1 dUS3>.Vl 4ot_u j 39113! (jr 9 


.5^3 3S3 3^5 4_3Uo 4Jlj 4oi_9 1 4-oj| loJlJ. 1 3^3 3 «-> (jr^ 4_35l_ot_o 5^3 qjs ‘— J W H ^1 

:3jjj-£iJi ^3 ^.L3iD 4-3-1 j 133S 43 [311 Jd3>» i jllo 3^-3j Lc33-> aJL>JI <>jla 33 


K, + 1U, =K f + lU f 


( 11 . 8 ) 


j j— c. ^jL^o 33 _a.. ^ JH ^3 o^jd^JI jjl-c duov 
dl^—o^ | <UiL> 3^>J| Ijj iJ\^iX\ 3>.* 1 M cr3 4 I^Lok-11 

(j^ (jl ".haLo^o 4jdi^_3 dll_u4> ^ ‘ 3—uuij <_jJoJl-jJ 

. 4_ujL>iJl 0^3^ dj^_u3-^ *^-t-«o>Ji 


Z &3L±JJUJ 2U^d>0 

4_L>Loj 3-4 ill j->. 

♦ 3_5>Jo-3 4 ^oJl5cju-«3 


i_3jl—^ —>• diVM—jJ! jj-a 

5-4x3i 4_ujL>JI ^_dj 4^LL> 3 y* ^ 

^ 3 ^' ^ui o>^? IojlIc. tiu ijf-A 4.33^ 

t JL-U 43 ^j>» 4_^lio ^3] 3^—dll 

4_^S (_3“ 3-^3 0^ 1^3® - <_L=>^a_x-uJ! {jt 3 

L7 o_o33^ jJ ^3L1 Lxj (3 Jt,q .^ 

^13 3 J. \c 4_ujL>Jl 43dljJ! ^.Ja31 4-31lo.l 
S4>^1 cUl 






<S) 




t 

>- 


—.i t^j lL(_«— u 4.8 iV 

1 c, . 1 i m ij A 4.1 j$> J i J.g ^ A 

4_isLlo <?JJ-U5 iJT -& 

4_)^£>_U ‘i—a ^.la. I 4 .U d— uj >.1 _i^aJU 

tiij—y4($ O"* 

. d^5Jl 4j>.ljl JLlC. 


ijlj-isy .j 3^-5^ c. 


.4.8 ^-U3^>3 yfc Lxu-tJ tj ji*-* L_£3 

t 

£j£LJ( ^U5 £_U£>J_4 ^jjd O-^ijt -Lk. 

4_aLLJI J 3 ^-_~i." Jj*> cl^_^Jl 4 —4 jl 7i a LiUaI IjJ . J rt <nl ^1 3 t _ 7 -icl 
%o^p\ 3 3 3j£Ji) Oijhull a^Kil i 

.4JUJ1 oAJt ijr £ 4.2 LLd 33 ^ 


. 3j^<Lul jJul <£^_uU l^K <_yya 4 _<j 3 /y 5 dijL^ILa dil j£ Cj^Lj oJb.lL2 
4_)^Ijp 4JL1 LjJI^ ^n j_>o ^lr t 4jjljj 4 _uLjJI^ 1 _l^.41 

IjL^aI IjJ . 5.8 jJ^LiiJLj ^_u3j_4 L*iT ^ a J^a_>Jl ^JJi. l^I 

. t _p3jVi ^->q L^-Lq <J£ ^LLajjl J l ic. ol^SUl t_yj i<ii^Jl 


-( } i (J i = m s h 

W A' = 0 



,3_^ h ^Lijjl 3-A CjS klal a 4-ul 6.8 ^ 

4—^llnJi 1J3& j -«Vl 

3 j^J\ ^ JLi^SLU 3 , ^kiOJ 4__*Kj( 


fttgfl (jJjL_ou_)J ^ :^Q j 4_ sLLd 

^j^Lj y -A I jJ. c. . 4_i_tjilJLj 

4^j_>Jl ^HsLLs ‘rjfAJZ^i 4_jiSJ! 4i>LLJ l 



o 1 

9 


4ijLiiLQ o! jl 3 5.8 ^SLu/ 

. i j ? _t 1 >3 4 o 4 4£ja^J 1 ^ <1 <3 <J 


dji dajJitMJ 2.8 Jii4 

L^5 ^psjVl ^ ^y 3 /T/ c< 

~>~1 plj_^ji 4 —^JL^.aU (cl) 6.8 < J5LoiJL} ^^ 3^4 

/ya ^Lajji L<Qw.tic Sj^Jl 4 j C-j-ui 

fi f 

~«cW» 


LL> o_4_ 


c^2 




ul 


3^&_in ^jL_£ 

JLitHcxU 1 Jl^J . 4_u5l>Jl 5^3 {j7 Jti L^jtc. ^yil 3 JLj->.yll 
.3 3 ^ysjVl 4-fl^.IoJLl 4 _j54j15LjJU 4 J 3 LL 1 JI a->- I J-i-4 

L^J 4 J 9 LL 3 4_4^1^ \ xUl 3 —4^1 Jji 

4..,<;>L<-,U 4_BlLJi Oj£J\ 1 <1 in ■ l)r . 4 < > 4 _^LLd 

. 4^.j^je-4.U 4_u! wCuVl 4_^LLi ^^1. i ul 3 4_jjlli 4 _j15J1 


iSL^Ujallj isLuisyi - JjVuJ^O 


Laj,.t£- U j — mgh 4 a j Ls t^It | <LsLi^ ^ = 0 1 4j31_L> ^ 3 SL < !•> 3 < 1 5 ^SJ! aJ 3 I 4 _ L ->J pie 

4jL..f <i clL> 1 4 * 4 J 2 LL 3 /Ly — j_ muL^JiSj^jv 4 _bLL> 3j—^ V ^LLijI ct -^ 1 o^- 3 

1.8 ibUI ^IjLtHuuL . Ui'— mgh 

K, + </,- « */ + ^/ 

0 + nigh = jmv 2 f + mgy 


v) = 2g(h - v) 

U/ = yj 2 g(h - y) 

^ jJy "i f oj (j I t-.pt-j t (U,b»oi 3 ijlg ,l,a) 3j£JI JjJjhj c xlU La Ijj . 4__L>-^_a LxjjL cLe.j«q-ujl 

.(J a i */V ^jl ^yJjLj Lu y oUul ,^^3 4_i£jJM 4.cj ^pt-upit jP^il 4 _JL-uJ 1 ‘La-pJi 

(JT ie Vj ( _ r ^ i g > 33 Pie 4_ui JlIuL . i .gTi£- j-lm C-uL£~ iji y Pic. Sj&H 4 x.j_uj lj -P (b) 

./? pjjl 


10.8 SJjUil ^ t-»i. IHX)^ ^rji ,.."' 45 LLs 4_uLCuV 1 dJflllaJI 4 JUJI 0 J~^ 

p«> 2 + mgh = jnn'] + mgy 

vj = vf + 2 g(h-y) 

Vj = Jvf+2 g(h-y) 

LT k. 3j}ie .y f .=A cpp- ilSwpU-^Jl <y» u y y 2 - u y/ 2 + 2g(jy - y-) 43>L*Ji £_a Jao 4^^1111 ^pp 
2JU. l ^- r 3 l a ^ 3 4*^1 £_>a 4jjlj ^JLua3 4_LI JlIuVl <Lcj_i-oJl C-ulfi tjr-^ 4-at-«-*-3l 4PP ^3-4-^-^ tdUj 
(jj-i 4_Cp<_aJI jIpJLa ^ie t laliB 4ujlj3uV! 4^2 LLJ! Jua3L*3j 4_p_uL^ 4 j 4^LLi! (!) Lt h 1 . l j it ^ ' 

'jJLl j ;:J i (jt-Ic, > L> 3 4 4pjjl_>JI /pi 4 _j_LjLlJ1 4_^LL ^3 ^ ! 1 4^uxj (2) . L^-aL>o1 


Jj J- LJ i 3.8 (JLi* 


*7.$ ^JSL j u i L La-^ L 4jpL> <. ^L>. Lo_p- 4_L>^jp-a /?? L^ 3L .£ os^’Z 

puijv! (a.). 8 a j_a ,Lj ->J 1 \ ^.tLuaj ^yoi! 4jjljJ! u^- 5 

.(^B) Ale L*Aie 3jiL!i 

4jJpax. L<Li 2 Jl.u qj 1 3p2) .4_jjjl_>Ji op2 ljr Jt 3j£JI ( _ r lc. ^ L« A JL-u 

4^ULil 4_u 5 j_ 3 (ji . ( ^Li_A JluL^ ^JLJLjj ^L>-ljVi j t £ r - ^ Lr^“ 

Ijui j\ j "t c. t ^y^- 4 -J 4_j i ^yjuuaj) . 4 -AjIj (j^SLi 5^531 4 L 3 LJ.I 4 —a^L-la-U 4_q^_ijL^-J, 1 

4_3LL_o jylojjl 4»3LL //UJ j.,,a 1 < n .a J 3-^0 dJLlA (j 3 SL 1 t JjJUuJI LaPle . ( 4 J 2 LL <1^1 >■ 4J t t u.* & 

(DlLiJJI JuUL .fl 4_3lL> 4 iKU 4 3lk!l L>3^-3 4-^, cr 1 1 {JjjJLtll clIpJ 4Jii>J Ale. .<L-£j— >Ji 



AjfillsJt Jynrttl 



j_« v-il^——li—*J oj —^ ikl Iji 7.8 

«lx>t ^_Js>_^il ljL<t) (JT ic.^ £c/-jLIu <jJ L$_sLs B a 4j^S j_> 

j^<J »^A^} JuLc. <tS^_^>Jl 4jjju i j r 3 .1 ^"1 

^-■iJojJl eL^Ua Jfs (Jj^s—u .;la 7i _4 4_^lla 4_^UoJ 1 

^ulu^ij LjjlIc. . (^B) 4.1^3.: J^xC- 4£^_>» 4^Uo ^Ji 

^1 4_^lixJl ijr* 3 -^ ljr -i^- 4_S^_->J i {J y§ 3^_SLli 

.(^C) JlIt- I 6j-a *lK 43 LL 3 


^<u-u_j>JI JuILaj ^JsLLa JjJllJI e-cxii. 

f LLLiji _i-uJ (c) jJ_£l . £_XO^J I 4 3LLs (j_-Q tj 

Oj-~a y A Lsz Jl /j tLalla Jjj/j £_// dills , 

•ll/C 

3 —^—a 5/1! y /l-c^VI II 

11/3 y B = -L 3 y A = -L cos fl A a Ll obi-*- 5 ' 
^IxJ y ~. ^L> . U B - ~mgL 3 (/ A = -mgL cos # A 
5 ^jjtsit I /I cuSLulHI d-alkll ' Is5^- I jll>s 

K a+ U a =K h + U k 


( 1 ) 


0 - mgL cos 0 A = i mv\ - mgL 
v k= ^2 gL(\- cos 6 k ) 


Bj JlxC 7 i> i. ~>iJ 1 ^23 JL^JI Lo (t)) 


i_i 1 <.,i^t . 43 LL 3 JI 4Jb/L> ^1 Jcirl < »jj Jc-txJi JsL^tjl (j52$_iV 4 jLb JjLpV Jl^JI 3^9 j)l 

^ / u >• ^.1 c. 4_jJ/_^_*-II S^JLli (jl j\ . j. lo-ail 1 a l?L><_>I (^lAl! jy3^_u (jjpUs ^Ju?r. / «j 7g 

i 4JI xajJLI Jl & (jy^ i K — L (j} Ci > *>> . i J--i — a ^1J 1.1 ^/^l j_uj 1J (jr^ < t 


( 2 ) 


2 F r = 7 ii - = 






/rzfl, = m - 


: (B) Ju£- JlUI (2 ) ( 1 ) £ys ^/^J3 Jl1!Lj 


(3) 


T h = mg + 2 mg( 1 - cos 0 A ) 
= mg( 3-2cos( 9 a ) 


(3) jjl _3 iiilj (_/x 5jyl_£: ,5/21 tjjj (^>-a j /f UJ-^3 (B) 45 III j 2 x. . 1 —,211 h ^ 122 i (2) (j-a 

. 0^ = 0 4_o! JwU^fl 4 JJI 3 J! CjJ^ LqJlIc. T-q— Wig (jr&J 4j?e_pJi! ^1^*1 


. (j-LM IjJI ^--a 30.0 4jjlj-j j) jSk.loJI jya 4_^ — ^t_U 0.50 kg 4 ,7l7i 2.0 m 4j^_La (JjJlLj ( 3 -IId] : 

. 4 K a \ Cr^ Lq J_cC. <_L^_l>JI ^1 


6.21 N ; 2.29 m/s :2Ul^Vl 




ISLuUjJLh^ tSLulSLdt - *U>UaJl 


WORK DONE BY NONCONSERVATIVE FORCES 

(Jlaj J-u.-l.-v. i4_l29Lst_xs ^£^2 cr^ 4_ajiajLo ^j~a p <»■>• (Jr U 3 ^jJ-U tji 4 jIj3 t 1 Ua-£ 

ijr 9 ^<u-u__>Ji (jr Lc, ^ujl ^£j_2J1 OJlA ^2.xj 1 j] ail) j £—*s . 4-2 jI_j 4—>aj) to i oil 4 __j£L 2 L£ai I 4_2l_Li]| 

l j r c, Cy ^-Lie J . 42>1 j 4 j)U 'i a \\ ii£.JJ 42LUJ1 ^jS-uV jJl4-l>- 4i29Uc_/s ^ j_c. Ajq^^jXI 

. 4_iSwu Li£ ciJ ISkHtv- I 3 ^2^ 4_uvj) LU 0 ^2 : 4Ul9 L>2. I 


Work Done by an Applied Force 2LL>*jl3tJl3>£JLj JjZuXf JiaJl 

1 a 1-u *<_>U£Lji ( _^ r ic. W a pp ^Li_4u Jj-u <LaJ V*< f „U 3j2jl <3^2 42U_ai, c-jLj^ ( *_2j J-lC 

JjJlJ. 1 (J t. Mill <jl2 ^-u_>- j_4> ■_aUAJl q\ l_LuajJl-3l Ijl - c_j 1 : ^ j I Wg ^Ci_uL 4_xjjl_>Ji 3^2 

3lk*Jtlj 4,2 LU 4 j ^_U t £jj 2 > *.j I • a y tb 1 2 4_q-£^>. 4_2LU ^2 y .t-Ui-lLj t U t.ijJ < iUiSLil 

: 1 5.7 4UU1U 

"W** &*) 

J * - Cu 1 1 i jX- y j -uOil 2.8 4_hUJJ ^ 1 J>- •>• 1 LuJ^LdJ 3^-2 4_u2L>Jl 3^_2 (jl C.*_l ->■• 

aijLai ^ JT 2 Wg "ilU . Wg = -A U j\ 42LU ^^^2 j-x_i_<JI 4 J^Jlj 4-_ij2U>«J| 3j_3j (J^JLjlU 

:< jr Ul 12.8 

W app =AK+AU (13.8) 

4^Ui <Ua^l^J^U 4 ^-uI^LlJLI 421 U11 ijr ^ y y JtSt 1' JA<U 4JjjL*JU <>JL^i i_9j-LxII (jI ila^-V 

42LU ojyt^ ,^2 4_^k.m 421 _Ld ^J2_I3 Bj-jJI! 4 4< i ! 1 ojjt ^ * i^y°S^ ^3 1 3 12^21 

2^9 4»^PiIj] 4 j| gJuuLuuJ ^ q-A 4_xsjio-iI, 4_2llaj i__>Lj^JLJ 

. 4 ^4] jl 42 Hd «> 4x>»jL>fclt 

Situations Involving Kinetic Friction ^ySLuUUS d!i52L>>l ijy lc J.*! A1GVL>> 

LT k. 4A1 jl2jI e_jla£ i Us i2j . 4_U9U>Jll yXr^- JU-<s j-A (Jr ^j_>Jl dl K~i 'N -Vl 

^ To . <—jI 2 < xJ1 lUL-lToj 4 j . >• ^1_l 22 i_sLUSLll i£jlVi.>.Vl d^_2 ^jl_9 t^t T u- 'v ^2-91 

4jJjw1j 42IL ^Jl 4^>J1 42LL < >1 "XI1 4^_>J! 42LU {j-a 3^2 .4jl^lli ^2 e22 

4.,lL> -U 42LU ^Jj c_tU t £ J ( 4_^^j>. 42LU /j^a tU 3.9 f-y~X ^ 3 9VI ^ U «<i Ji ^Jj ^>->-1 c-jU^I] 

jJU* it~> 3 4 {_^jl L?^ c L J ^ >U1 (_U ,u jJx. ^ ^ U < nil 4 _Jl>.1j 42LLa^ ^ > (jy 2UJlj x^j LT AJJ 

.^)U2j! j312j jJj ^2Lj c—il i^t i 4^£jJ1 





C» 5 ) 


. 4-tSLujbuLtSLli s-LU^ojvVI f>o-B Ja-U 1 aJuo-^-ll 3^ ail ^jp3 d 43l_i_u_xs i_slTtSv-Jl ^lj-j LgJw3c 

(jt Lulj ^aJIj 7 -J-uo. 3 3 ill I uLuo. ^_j .<-_}!.3^ 11 4_£j^_>- 4^L1o (jt _3 ^^3 i 3j-_aJI u-ix .cijj 

: Lu4> 4oju Lbjji ju 4j^Uib 


^ friction f k^ 


(14.8) 




4_uj>L>Ji ^c. 4j_bjLiJl I 43Lb ^^5 j>,i.*3 b3i 3 1 CjJl^j t^_4u_>. (_J^La Lr> < » 

4-4jlo.i^l! 4__t5bnl < \ xU 43 'lL^JI (jy ^i ^__iJl3J1 j \, 1 3 a —f jXl i 4 jj^JJ 4_a^.l^Lcll 


: Cj VbvJ I <? Jl 4> ^Jx/s ( j 7 3 .4_i^Lu LuSJ I <_fJ V l 3^ii < 


AE=AK +AU = -/^ (15.8) 

hj 4- AZs — Ej ea_x>. 



l 4 ^ i < (^dLuaJLo 4j£^L>JI 4 _^Uc 3 —^JjLckll 4-j^.lr> IT <>aL*Jl 3jj_x^Jl c_^3^l 

*^^friction j_ljLj Jbol 4jawjt_>. 3^j 4 -u 3L>J1 3^9 lg^jlr 


:JiUuoJI Jk Ol^jpu 

a a ! t^tl < t\ a 

JUC 4_ JLUI 4_3j^JLiJI ^ l.3j <jl . 4_^LLdl iln a >> I J..t 4 ^Ijbr 3 4-al-i J_jLcult Jjx i < Kxu 

. IjLdl I a_A ^ 1 a 4 -.~x<j 1 

j! CilS^jjJi 4_sl_UoVlj l ^ IS\A t £-0 3j-3t3_4 J I J^Ji3 JuS lil3-4J l^l / A i_j5^_C. • 

.4_uL^jJIj 4_bl jlLj^I 3 (II jbivl . £-xbjil 4^LL> (jl Cj 1-4j) < 11 

4da3bfc>5 ^j>3 ^3^1 wL>» \y> Ibj .(xdj-ujJij 4_tJjb>Jl) 4^l_loJ 4j^_3-u^il Jo La 111 JJL>. • 

.3^b ^JSLI 4-ij>.LuaJU 4^LLaJ 1 ^_uju 

(jLs 3_4 j1_JLo jl i-dlSLl->-l j_>. 1 Ijl <bl j£j3 .3^_>>j-4 c!xjL£" l3j <Uo^L>JU j-±f- ^^3^1 i^s>- • 

. JAC. 0^^ 43LbJ! 

3j^-;^Jl ^3 Lc 4.1na ) JiJl£. 4_oj1j-3jV! 4_^LLsJ 1 3-jLj^ llx5Lgj 4 la^l_?e^Q 4_i£LulSbi,l <L^LLaJl C-uL^ 1 lij • 
. 4_5jiL=i_U 4-bL^l! 1 4 b 3 li 1 Ej— A^-+ Uj- 4_jiSLn 4j5bul^bi>l 4^1 bill l^.j i *"y <_ *j& i Ja lev . E~K- + U^ 

, 4]^^! 1 CjLuiSLII ^LscjV ^^IlsLLsJ 1 3ljl uia 1 't ^,4j t4b>^3rr 4 4^1^11 43 LLJI {j| 0_o- 

d)lj-ajLJtJ Vjl (4 j.-j-C' 4x^lS^U 42lkJi e^JbdLj) 0$ CjJljwI ^3 llil # 

4-tfLul^-Jll 4-iKil 4^LkJl — (ju ^3^-aJl 4 JUJI <?JlA 4_uL^3ilj 4-uljLuVl ^/O^lb>,l 1 

«* 

4^4xx; 11 4_i^_ijl£b_l 1 4-^LLaJI j ^ « 3 11 bjl 1 xt .4 4_ti£Ll! 4 -jjI Jl3jV 1 4_i^_ul£bl.l 4^LLill j 4__uL^jJl 

. 4at_pj 


ISu^UuJlIj iSLulSUXi - ^UJ^uijN 


J k X ^ JiA 42 \$^Xju& 4 ^VJjI 4.8 4 JIJL 4 j^| 

♦ a xm I ^Jj 3.0kg 4 J:£ 33^ 

U£ 30 ] .0 m j_l*uXI L=> jjlS 13] 

4^^>J I ^9 £J J, i jLe^ 11 I JljJ -8.8 ^SLouJ L> ^ .UP ^.3 ^_<i> 
£ 5 —aj 4 . ^ _3 j j r A 3.4 

4_£^_>J! {JJ ^ ‘-^2 3 3.ON U&^ijJLa 4J1 jIj ci!L£n_>3 

. 4jL#j -A__*_5 ^PojVi (J7 -Li 3^> j « i ^ 4—9 L-^ui. 

4_C^—!_o i__ j!—LXU^. ^<3 4_9 LLJi 4_JL)^_La ^.i-.^ r " t < <>1 
. jwA-xJ-1! J^.tx^aJl 



. 4b^_>JI 49 LL 


^)-o L t. 9 13] • 1 j^C-uo ^L-h-j ill 4_q. 9 JlLc. 4_uIJlILsV 1 4_5i^_j>JI 4_9 Llo (jL-9 1^—0 o' ^ >lWl 

<?L>uVi J)1 L~i C. Ij 4_9l_L> cJ3lC. ^3JI III ) jJl^J-U <3-^1 Y (_y3l J->»Vl 

43^S3U 4_^loll 4j.l5vI1 4 _j^_uI£^I1 4b 1 Lit ^jl_9 Cy*3 ■ Y r~ it_^_>-<U *>L>uVI ^,-LiVi 

: £-^£>3 4-9LLa 4_ii5> 4.^ II Jl-lC. I ^ J . u ^ n Jl ^joO 

£’. = A:. + (J j = 0+ = mgy j 

= (3.00 kg).(9.8 m/s 2 )(0.50 m) = 14.7J 


33^" 1 ^L3jj! (jV 1^> 4_a^Ln \ a.1 1 £_lo^JI 4_9l_La jJ^- ill <3_io/l ^Jl ^^J-I^aJI < ^aj La^Xlil 
49 Uo L 4 K j (J3-t-i f l ^^1 4_Jj-ua^ JulC J} j JuLt-saiJ 4^t£JLl 4 J 9 LL 2 .ll l)\^ Y j" ~ 0 

: 4^^_>- 


K f + U j = + 0 


3^_9 (jr&J lo J -xiiJ 4 — i SL_ l jI^ -J LI 4_9 LLiiI m.) 4 a! ^.11 ^_i c. 3] 1 jjV £^ = Ej 3^ 

d Cju. A£ = ~fjc^ ^-^LjiJJ i4il_>Jl oJuA ^^^9 . 33 ^ 'ns~i\\ (jy^l 4.ciUSJ4>-VI 

L 44 V JjjjJ-uoJI i^-^- jJU^JJLI ijyi-c: 4 j9j_4-*JI ^j-oJI j^ju^ jJL_scJj.l <J^i^ cr ^ 1 Ct^ 

d ~ 1 .Om j 5.0 N ^IjJtiLailj .^4 j>.1jVI Lr ix. 4 j9^x. 


A£ = -f k d = <5.0 N) ( 1.0m) = -5.0J 

* 

j ar . iJJ I £ 3 l > -I 4_5t_t_u 4 _i5Lu1<LlM 4-^ LLaJ I l-»^-* ^ 4_<3^i3.ill ^jl 4j ^ - t _ ul l - uo <} 

: J ' 15.8 <]j»UI ^1 Jo^ T t-Ld u lj - 4 - I^ i 9 

£ / “ 7 - ( = 2 mv / ~ m H» = ~fk d 
\mv) = 14.7J - 5.00J = 9.70J 





(^297) 


v / = 


19.4J 
3.00 kg 


■ 6.47 rn Is 2 


jVjUII 


v! = 2.54 m/s 

ilj jJ •> i II ( _ 7 ic. Jjjjb-uiJl yyLuij <_ii . 11 ■%■ ^LbJI 


•6dLMJ 


.^j,u4-ul^bJI 4 c^ 1 <i J1 (jr 3 4 j $ L u I c. juS L J i 


2.54m/s. 3.23m/s 2 »2uL».Yl 

. (jyic 4x.jb-u <-ut$lJS 4^.^_»-Jl *—t_*_ujwl jjLrtill (^i^b : jyj y^J 

4.9m/s 2 . 3.13m/s j4UL*.Y1 


^ T . ' L>Jua ^ 4LS^j>JI 5.8 <Jlx» 


.9.8 ^JSbiJb h— 2.0m l ^c bbjI < c, bb^ ysj*- hi 4 ">06 4*3b ^ 0 * ? 

^JX. (^jlaljbsb ^IbJi jbx. 4(ti) 4 ortll jbx. ya jJbbJl IjLu 

4^>-lj'2) j is\\c. L*jb 4jJj-a-C. ajjjj! JbLJI l _ 7 -b- _b ioj-c-OI SjjDI (JjL-u^? 

.4_b_sLrt-c —(JbJbilj (_y3j50 ^yi 4j^L 1I 4 ^j.b. U 4 jU 4^l_bJI -4 4j1 <"m 

t^if. y^=0 <y ; - = h jiLp* i4l5?jJi £42 ^b-V <>L>u5?l (jr z y Ujls-I !3t 



K i+ Uj = K, + Uj 

0 + mgh = ^mv 2 f + 0 

v f = figh 

^JjxLaJI lLxx A La Ijl 1 ^ jir >iui 4- a ^-LHJil ^^tuu 

1 h La^ 5 jLdt 4 L lu a Lu-ii 


J h~ 2.0rn jLifciLujLs 
Vf = ~j2gh = i/2(9.80 m/s 2 )(2.00 m) = 6.26 m/s 

jljJLa Lo —LaJl 4 _i_^_uI_Lj^ ulJ1 _3 Cj^_j1 Ij! (b) 

1) ^ (jl ^b5j>— j_ 3 ! S 4^aj) _lo 'i l, i La J ft t7 o ^1 4 _i,.. C ijI£LJH 4-^LLaJI 

.m= 20.0 kg j = 3.0m/s 


4_^jJt cl^U> !ij 9.8 JSLi 
JlaIuu ^LaJl jJ_c. jJALJI (jL^ 

• 4^VjJt ^Lajjl ( _ 7 in ylrsJa^ 


_bt 45 4—^SLutSLiXl 4—sLLaJl 4J1 >JI 

{jt £> Jl a 2J1 <~J 1 i a 15.8 4-1 jL-*J»l ^ Jl -V "1 < u > (jl ( ^ y Jl_jJlj 9 

LillSivVi 4_3t_jlu 4 -^I^lU 4^LLl11 



I I SLia U j Jjlj ISL dl SLdl - JjVI «,}&3 1) j-iiJl 


A E = E f - Ej = (Kj + U f ) - (K, + U,) 

= (^mv 2 f + 0) - (0 + mgh) - \mv 2 -mgh 

= j(20.0 kg) (3.00 m/s) 2 - (20.0 kg) (9.80 m/s 2 ) (2.00 m) 

= -302J 

4j£wuI£LjJU 43 LL 2 JI) aU >l<Ldl 43LU1 ^a i j <jV 4 _JL_u AZl 4.. <i _ c S 

4_j9j_ 4_*J1 3^Jij| j, ,j it "n i <j] Ca> . 4_j£.ol£Ljll 43tLJI jj- 4 4_ul_^_lJI 

. 4£^_>Ji «.Uj! 1 /? £-4 < J < »Luj oJL£L->.V 1 (jl-9 *1 luI £L>o5/Ij ji jJill 

SoULuJI fXj. ij^-UU ^wC <U1 JLOjJIJ Jj4> <2>^-uLi.U 3^9 4 < ; j9 £.1 1-Af L 


gJJ^UJ u.u fe ,l u Lufc 6.! 

^<u ► 10.8 ( JSLmJ Ij U£ 20.0m 4 x.L^jj 1 ( j_uLol j <uu9 j_Lc ^j ^SvmiI I 4_>Jjax i j-u 

,^^-u l U-< J1 dJ l ^- C-w VI cL_p- ^3. fll ^tL.i JJuTcJj.1 f La JlIc. 4^-jsJI 4_j>J^xU \j-iJ 

.cJs3jj 3 (j! ^ U < .<11 1 ^ »1-t 33 43UJ.I La 0.210 jJb JUl> Jlj ^Vj-U (jrj-j 

4_sLLJ j-aus\ 11 4 U31 4ji /1 o (^jJlj jJLrtili £lj5 JJx. 1 $ 3 c.j^u <-*<■■ .s tj ilc.1 

3 n Ij 4^>JpI! /_y3 4 j^JLS 4_xatjJaJL^U 4-iSLulSwLLl 4_9l L> 11 <jl3 jj-uJLol jJL^JJU Co ^ 

<jl 1 iltfl [j<& t <_3ju_uj i43j!j 

v h = ^2gh = ^2(9.80 m/s 2 ) (20.0 m) = 19.8 m/s 
.© (^((B) {_yi ^-3-9^1 ^g-Lau-uil 4_>JjHli 4 _Sj_jv c_3_uo^] 15.8 4 JjL*JU (j5?l 

.4j .V->^l 4j>-lj'^l fjjti d A E— ~f jfd j-& ^ s^ VI jLcoi! 4 j i < vji1£LxI.I 4^llaJl u^s j |« 2 1 

6j£j 19.8m/s j»laitiLt^L . ^=0 jj>.G . < (3^ 4^>d^jJ,l l a .t.^^11 4^ 1 m i O 

,^k. Jju^> f k = n k n ~ Hj/ng 4ii^kJI Cy> 



® 


20.0 hi 


20.0»i 






1 C j-4J d jLt_) ( _ t Lc. (jr^Z 1 ^ d~ l ‘ “ A L yl*- 4_>JjJjJ.I 10.8 




djdttail 4-2 LL> 


(^299) 


A E= E C -E B = - n*/ng^/ 

(A: c + C/ c ) - (AT b + t/ B ) = (0 + 0)-(i/m4 + 0) 

= -\Lk m g d 

d _J<4 _ (19.8 m/s) 2 

~ 2^ k g ” 2(0.210) (9.80 m/s 2 ) 

= 95.2 m 

4J \ Ijl {Jb±2 l ^ Jt ]n 33 t 4 g 3 3V1 4J3Lmi.l 

.0.210 ^yfCuLu^ dJlS^L^l 


40.3m x2ULkV! 

2Jj_uj_i cUju 7.8 Jlq* 

JulC .^1 1.8s ^J S Ll L j ^JjL>a ^._i£- 4J Cxjlj l£J^-juij 4_i_*J — 4 _j_3Jloj Jj^LL>Vi 4_Jl 

4-^j l (jylc SjjiL^ Q^SJj 1 'j jJlc. i4.j_sju.iJI tj|-3 0.12m 4JaL<-u_a xd^_jjjJI l l^i» jSn 

JLubL (s). L^_5^Uol 4_^jj_i!l 20. m — ^4 3">ji ^ is\ 4 V 35. Og L^ilL^ 

. Cli-jij 4_A^lili 

4-Ln.q) UjJ^l t3lj t j.a.i^y ^jLoaJ 4_ul Juj^I 4^j-j>J| 4^LL> t«*ll {_y* (Jljj 4 3j, fcrt.Tt <jt Cjlx>* =lW» 

X^ 4 3_) J 311 £j -^>,^ r £t f^y 2 >j K $\s 4_3_j-L3_1! 3 4jj£J 4 4^hix41 4_u3ljaeJJ £a*3jJ1 4_^LLJ j a -uail 

4IL$Ij 4-jo^l^i^U 4-^LulSluJU 4^LLJi . Ij_Ll^ ^jL^qJ 4_x>ljuuVI 4-u3L5tli 4 _bLL> J^LLl.'v 

. j^jX. ^^3 Jl>. 


43jJL>JU 4_Lal_£31 4jj^JU 4 _bLLd 4_/Oj)l3> /II 34 _j^_uI^_l!U sJsLLaJi y So 4 jIjljJ! 

^1 4_3ja_nJI j_33j 3 .x — 0.12 m <_d^_jjjJ! LT £ Jol♦ iVl Cj^-i 1 ^sA = ^-*^2 *4^-3 jl< 41 cilj-uj 
^^Jl 4_3jji-3il i a j tc 4^l^JI 4 _u 3L>JI 4^Uo x c — h = 20.0m ^L3Jjl ^ j 

. mgh ^ 4^j4 0 ^a2i 


(jJ^-U^JI 4 j^o_>JLI 4j^l£2i 4jj^Jt! JL^j>JI 4_3LL>j Ij. ^jLi-uJ 44jJl 3U 4_ojL^JH 4^q>JI 4^l_Ls 

: (jl J^>o 43jIj 4^1^ t^U 4-x^-ulSLJU 4^LLaJI (jl C!x_l%. . I jctts^ ^jL_tu 


Ka 


+ U. 


gA 


E\ - Ec 

+ U sA = K c+ U gC + U iC 


0 + 0 + \kx 2 = 0 + mgh + 0 
£*(0.120 m) 2 = (0.0350 kg) (9.80 m/s 2 ) (20.0 m) 
k = 953 N/m 




ISLyiLuJjij ISLulSLIi - *b^Jl 



$-Q J^-jy L_-OjXc. <L^_JJl-^JI <LC-J^-u l_J_i_U_>-l (b) 

jJb 1 xtS> (Xg — 0. 120m C^-t-y) iiJj— jj^JI jjljXl 

.11.8b JSLilt 

3 _U_>-i 4_xS^l£Lii.i 43 tin! I jjL^ 1 2j\-lm 1 <lajvV \~<& 

>j 

4JaliaJl . kx~i 2 4_LoL£J1 4jj^J,I 43 IX 0 iJT ^> A juc. 

4_Ls_<2j (J js*. 4_3_>J_3_li l_^ JuiT. 4_ 4 j) In 1 ^ 11 4_lKJ I 

X /7Z'Ug“ 4gj J-Jail 4£>^>_>- 4slX> jj-g-ulij 
ik^ry 1 J-uz ^Luu xlc. . HJ^Xq 4_u3L>JI 4bLL>j 

4_j£LuI£XJJ 4slk]l 

Is = £« 

*A+tf g A+^A=*B + ^B+^B 

0 + 0 + 4-£x 2 = A-Wltly + mgXg + 0 

_.. ' '-*— 1 4j 

I kx 2 „ 

U B = \- 2 ^B 

v m 


<i>i 


^4 1 » 4-j-^JUj 1L8 at 


(953 N/m) (0.120 m) 2 


■2(9.80 m/s 2 )(0.120 m) 


v 0.0350 kg 
= 19.7 m/s 

^.i i a nj J^lLcuJ c_XjX lju4> iJT Bi L^c-iJ_gj ^<u (j7 Xji 4 1 1" yX 1 41X^5^I (jjLdJ <j 1 

.(Jj>J! {jr B ^aXIjlLo CjI j.lqf 3j 1C. 4jLi-uXI 


S 10.0m ^Lajjl ^yXc. 4_3j Julll 4r^_*_u La 


14.0m/s :4jL>*yt 


8.8 Jli* 


cfJj—ujj ^ * 1 11 i>L>o jp^J3 1.2 m/s 4 _u1jGj5/1 1 ^ i 0.8 kg I ^ i Lj5> 

i^j-uXc! ^_La_i_uJI fj\ ^y=> Ij.", °il-j ( 3 ) .12.8 jJSLjuJl {J7 b ^_l^> j-jc Lg k — 5 N/m 3^ 3 ojIj 4_!_j 4135211 

Juu Jal.t.,1^ X U- m> l 


Cjcr ^11 (A) 4Lii_Lll jJcl i^Xll 3 jj^_l^J1 LlA 4_aj)h <U 

^^Li-qj (j^Bi 4_ijXj>J. 1 4ialSJt 4jji^X 1 4XLio IXat iXv }.a 1 4^j_y 4_5LLa 

i^S\ A^aXil wIjuj . X Ct^ ^Li-aull 4_>a^.Ikl^Xi 4-d^Jt 4 t ^-Ljl$X.U 4^1 I^iJl 4 i . 1 j.ci ts> 

^JLXLjj 4i^Ltu 11 dl5^ 4JL^J1 J_A (jr-Sj . 4 jK l loin.o i>Q tiJj—J-J^jl 4 (C)4Xx3_Xl jXc 





iiaUa J.-»%t1 


(m) 






E = \mv A 


E = ' m v\ + -'- kx u 



K = Hx;„ 


Cj -3:- 1^=> ^3-Jj.Lj 12.8 

^ J, b> ts~i —j-J (_y-2 —3! ^uJ-4 1 ^ bt ( ii 

I il£->W Ur* (a) • < ^ 

43 Ud L^ 4j£LajIS1xU <LfllUI1 
^ 4_£_ut£uJU 4_sLkJi (b) .4^p- 
o^—>•--.<4_£^__^vM 4 J 9 I lo s t ~x—A 
^£i 4_Loi£Ji 4 j^2J 43lLd j 

ljr ii 4 __Jl£LJ 1 4 _ilLLaJl (c) 


4_jjliajl ^ 


*W). 


t^.3 


4 ^[^3 


■ 




r-’ I Z I Z 

E = \mV\) + -kmv A 


4——>. 4—jsLLs —:vf 3j —a 

4lolj 4ol5>J \ 4-^l.LJ \ ^JIoj . oy>^cAl 
• 4£>_>JI J}L>. 


—«_uj 1^ 43 LLd 


^kx z 


ifcc: 


^jSL^-iLa 61 (jJj-AjjJl i^jSi 4j^Ii—>vll 431—LaJl L-q-Lu l \j — a-u2 

Jai-L .^ ji ( J .- ^ 5 l X m j oj^-ujll jji> x —0 jLxJL>. 1 ■ 

4 l^b^o jm_C. ^£^3 Cxo> 4_Lba 4_4 j) jaJLoU 4_t£_ul£LJll 43l_LaJl . JuiiL CjJL^lj ^jji^ 

. 4u,jKm ^L-u^vVl (jjic 

,i„n~} c-Oej ^oL-t^i-llI (J-J-3 3jJ*.^r> U 4£^_>J! 4_3l_L> (ji_3 4io j a 4_iSwUISLji.I 43i_LaJI (j\ CU. j_>. 

. 4alS 4-IaLat^sul J. Ic. {JJ $ 4J-al5} 4jjj^_/s 43Ua ijr u=^\ 


e a = e c 


*A+*4a 


K c+ U sc 


Zmvt +0=0 + Zkx'i 


x„, = 


m 

T’ A = 

= 0.15 m 


0.80 kg 
50 N/m 


(1.2 m/s) 


4_c. 


. I -^3 ^-IJU CjJl^_iV 4jV U a jLuUlVl ( _. f 3 Lui el^'vV 

c-oL^ Ijj. u^— 0.5 dJK.~<_-%.I J>sL*_<u Qj-=z-- 1 Cxvj dJISln.->. 1 5^3 ^p_p 4_jl ^lojiLsi (b) 

^3 Jal«A^ajj U 1 -2m/s ^>a L^ajLuaj 4_1^..>J JuS~ dj-zz-is-i 11 

.Ojsx -uaJi (jr ic. ulil^ILxi 3^2 4 jV 4 4.J& jil5v.iJLl 43llcJi 4JL>Ji ^>Juk 

5^3 jl wL3_q 



ISLulSLtli - J[$Vt ^jjasJt) 

f k = |^ k n= ^ k mg= 0.50(0.80 kg)(9.80m/s 2 )= 3.92 N 

, ? 

4-I nn i ^ ZjJx-m Jl LoJlul <jJl5"i_n-Vl 4_ie_Llj 4, £.ul5Lill <t2lioJI j _i «'ill jjLa 10-^1 

: Xg ^^yJ] 4 *in ci & Lfcjlitjl 

EE ~ ~ fk* B = “3.92.v b 

: Lt Li _> 15.8 (J7 ^ 

A E = E / - E , * (0 + {/«/,) - (y»n^ + 0) = -/ t jr B 

^(50)x b -y(0.80)(1.2) 2 = 3.92 x b 
25jcr + 3.92x l? - 0.576 = 0 

J CjI j 4 . x; j a I I -Xg = -0.25lT] iA'g— 0.092m ^ lo x > 4_jjLo]I ^ya 4j_iL*JU jJj*. 

^ ^ ^ 1 Cr^ 03^-* O* 4JUJI <5 Ju$J y 1-^oj ^ 4-JL.xJl 4 xjjatlj Xg— 0.092 IT1 

^ cr^ 4_^l_x_ui.l 0.092 IT! LxaJUiL J 4_i_>*j_U 4 . 4 a a !i^ 

.4_4^isiji 4 i ^ 0 |^aj 1 4A^^Ili( 4-3t_u-Ji <?Juk . (cl) f.^>Jt t^j-uLoVI ^La«ail 4_!L>- ^9 l^.ilr, 


9.8 (Jl^4 

cr^- mj 1 3.8 f. Lx_*lLc »(_ T i^. tjL 4 - 4 . IS* » 1} CJ ^ * S\~! A 

^— 4ju-C. ‘ « J ) 4_d J_s>cjh ^_x n *> Ji c£j^.J .A 3j} 4! I 4J .J "i A& ^7l 4^1 J-La-CiJI 

4 S^*^— ^ ,J is-)j .Jjl9 h 4-Bt^.^ a ffl 2 J)l«-i 1 /J a "t 11 t-Laa.A Ijj] . LLaj).* t'<r\ 4 

♦ 7c.la.< tJlj ttl j jJ-oill (j\j j^ySLiJ Lt_t$J I 

4jl-cuJU ljr ^ Cr^J - 4 QS~^ Ati ^) -^1X1 

Cjl^LLaj 4_uL^JjI 4i^j. i.u Iij 4_uljCuVt 4_c.^_ct2! I 4^t 

I-*> a t.) ljj( C1 c-l-%- tiiUIx^ i_La_>-V^ . \j-Ojuo 4^^>J! 

^ is\ 1 9 j?gii 4-jLi j.!! 

i_9^_i_u ♦ ^-3 j 1 xxt 11 ^LiU {J ^ IJIa. 9 1— cj^i 

i<JL>J) oJ^Jti {Jf £i JUjL5c_l! Lj_9l_^ f ii jLit "1 jjA 



(3i*-U 0 UAJI 14 JL>3Jl1c 13.8 4^5u^ 
a Hi t(jy 3jVl ^Icl 

4_5LL> (1)^3 <—i-:4L>n ^_cbj 4 _bUo 

. UAf l LiJLLfc .^il^ujJi 4_Lol^ 4jjj^s 

uy? ‘AJ KA j v V! 4_5cj_1j 4Ai i Ui l 


J—^ ^3 dn ^ 3J1 Qji 4—.o^alo^iX \ Qj&3a 

4_ujL^c-lJl i _ ? 3_9LLal jjyij 

4_uL^jj! 4J31 Jn Ha 4 _o3Ij_ojV 1 4_3LLaJl (j I it >->— > ■ . 4_Lol£2i 

: 4 jI^ U^ciOju AK =0 

(1) AE= At/ + Af/ 


( 3 oT) 



<L3lIaJl Xiit1-+J 1 I 


(5o?) 


AU S — U~ U 3 4_ojL>J 1 <iliUJi j— c&yl\ 4 J 9 U 0 3 ^ y 1 ♦ ~J 1 AU v — U— t/^ ; j c<-j_^~ 

ciJj-5cIbj ; h 4-SL lUS flly 3*^ I < 3 J. ^ J LsJUC. 4_43j)la X *11 <LuqISJ 1 4jjjjJ,l y j t?Jl ijr i) 

dJ^LLii l ( _ ;r 3 J. x: xi.ll <ji Ho^^L) 15.8 4JjL*_U ^1, V -r "x < »b_3 ij-^J . i I <?L>u H 4_sl Hill it xi > i _ T 2_3^?l 

: ( _ r jk ^ la <«illj 3*-*-^ 0^3 >jJ K"x-> -Vl 4 j*- Tu 

(2) A£ =-/ A ,/i =-/.i gm] g/i 

< lo j B i.Ln-iL^JI 31 4 o-Luii 4_ujL>*J{ l y£. 42LxiuLi]i ^.tJo^J1 4^Ho 1 

3'^''^ J ^^3 .^Jo_4_uJi (jy-H- (3^3^*^ 3 1 Cjl JlJN-VI 

ni2gh 

. vlo^L-xJI Cr J ~ s ^ tl>^ *^kul ^xLlS ^ L ^-^ L> - 

: 3^ 4_L*lSJi 4 jc)^J,1 4 J 3 II 0 ^3 ^.ulJI jl jJL* 


J+*-“ 


JU_'V . 


(3) 


AV g= ^ 


t/ gi = o 


(4) 


A(7 V = U s j - U sj = ^kh -0 


J-ua»-i {1) il^UJU t_y (4) ^ (3) 3 (2) cj^jIaI) (jjs 
-\i k m { gh = -m 2 gh + jkh 2 
m 2 g-\kh 


=■ 


m,g 


L*i> .^U mltj ^U-a->Jt t _ y ^LulIjSLH jJ ICl iwVl OjUfc JIL 4 J 

* ~ # 

( j-'3 VjU 4^Hail 4.ii'L>J l l (jr 3 Cj1j..jt..jH (3k*Iu 3 l^LoH 3 xxxll ^3^ *4JL iuiil x>JlA 3^ 

^j-C. 4-1^HJ1 ^3 LIqJ 4_jJJL*J! 4 x; a x31 i c-jLx^.%. Hjj! Ho ij] 3'J > lM (jr^- ♦ 4 ,j 1« iill \ g ".^->-4 

4_ ,L.x.4i_lJlj ^Ii 4^1 la 4,4i Ii ^Ldjjl 4_<j_aB i_3j_ju ^Lj-5cu LuI-3 Lj_oBI 3-13^^ ci^*^ 4 _l>- i i^alI 4_ujl_>Ji 

c #* 

(JaIxII 4^LO>H^xli ^uajJl 4_^Ha l y')S Ljj^uo HUj 3^ Cy^ JillJ j--uaj_>a 

.yjLxZV JjV! 


Jll 10.8 Jll4 

wL^_H^q j;Lat ^~j^-<-u-l 1 <Ll_H_>- ^3^- Jju Haa^j < 65kg 4 T c. it -5~ 3^4-4 £-^3 ^ o ts~i j Hii-i 

cil 14 jj 4ja_4_ui^j 130kg 4 all 5 (3° ^V.*. c xa 4— Haj^_i *4JUJ1 A ^£t ♦ < *^ * J 

(yvi c < 1Lmi 11 33° * 14.8s Jv 4^iiLi TT-uo ^-c [^S (^vLtHLol syGj^i (3^ j~^ i .4t^ali 3 ^ 


i4Uc. {J ^£i j33l (3^ cJtiiv 4 jAla^o 533 I (3^* 3.0m j_<4> (J-311 

jv-31 4 _j_HiJw 3^-1 Cy* 3-3i 3^ HLljj (yc. 331 (j-** 3 34 ^ u* 4 _jL^ 

0 3^13 4v4a_£ ^ x^>6l L<5 6 i _ ? _4_ui31 uill4.1111 [$A }. ts-il 3^^ ^£3^3^ 0^3^ kt£.J .^psjVi 

.(^jVI ^ £-£jJ o 1 



(3bjl1SL*Ujal^ l^uiSUi - JjVt 


4_sLL> ih3 ^ ^ J-Jr “t„ 4 ti 3 . <3Lag'Ll (Jj>- (J_1_£| ^J-Al_3ii (J^n * j lLILlA 

j i < « i . U j3cl 2 ULi^jj 6 4jljl5i ^^jVLi 4 _joLLx3j! jJiZ. t_jl «,» >■ 4_tS—u lSlji .1 

JS 

tfj LuA 4 ^1_3 J-lC J^a t ijr Lc. ^^LUl ^j^a__ij ^j^jLs J)j-Ia i : Lolij . 4_1^io tjr Lc /? jJi 

J^)-C ^J^c^Jl Ly^r ^ 0^ 4r* 1^— j—>- l .^LL^jtil cj I^-Joq 1^ 1_ jJ ! ^Js 4_Jlji_5i clLL-uJI < jyS> . j^-CoJ1 <, — si — cu^>J 

LoJ^Lc . 4 t\c ^5|3 4-o3L>Jl 3^3 £yi j. S\ V t itu uJt 4 3j5j-U 3^_3JI 3 LajJx. 

. \j.a^r> 4_O^-0-*Ji 3^3J1 i-iiJj Cj J^e_> 

I^yic JIL 4 JU ( j>-^ cLj^SLU 4_aj.loJL»U 4^Uai J3 l3j>w ^jjplib tloTt ) 


( 1 ) 


K, + U, = K f + Vj 

0 + "'actor gy, = 1 "'actor"/ + 0 


jj I 4_L>^_ui> 4_L3 j>J 4-C.j_i-u \) j- j j»A Yj ci xj . t w 

Uj — 0 tlU j£j tjefi «.» 11 I Jljj 4jV /Q = 0 
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Actor 


& 


Lrbij 03^ L^J^c J .. * 2 - a sj; j.lx tt ^ (jV 

4 SLU -^1 ^^3 «-ui.l 

>14.8a jJSLoiuJ! 4—<_u j^la 

y.= tf-/? cos 0 = R (1- COS 0) tj\ 

( 1 ) 4JjL*JU {jyS 4 _ 4^1—*J! <>Jl- 4> ^1 jL_rt_j_<-olj 

: uM 

(2) uj =2gR(l-cos 6) 

>■>« ^jic. (^liJI ^ ~ * , “ l 

j jJi jLuJ,i ^Lia u>^; (Ji4U 

^ti! ^ nrt< ^ t l ji j> M»i 

• ciUjJ Jcij^ 14.8b JSLUt 

vj 

2 F y = 7 -'"actor g = "'actor “ 


(3) 


^ = "'actor g + '"actor 


/? 


/? 


jIjl-31 4j^L_x-o_-a 3(JJL 


:-..-K 


^jVl (_yicl U>^ 




u-^ 


<c) 


^2-*-«4t 3 j_jjv ^SLal jJlLcil (<l) 14.8 

jelc. ^h>31 j_i^J 1 (b) 

^)x u5» > 1 ^_>Jl '^iJ ^_ 7 _i-£X JuL^i! (c) ^^jljJl jLiall 1 


^ya-lCi! 4 _j2^-Q_»J! 3j_3J1 7 T - J -X3^_3jLj-4 

jjt> Lxj_^ T= m bao g <jl uiUj ( i I jJi uo 

—4-uLs . 14.8c ^ y£ 

(3) t (2) _*_xiJJ 4_si_u^^fLs Jaj— jJI 


cS) 



SO&llsJi iJj.otjJI J^kJI 


:, Jr- , t \ 


"'baa g =■ Wart™* f War! 


2g/?(l - cos 0) 
R 


t^JLc. rU i *l! otJCrt 1 jjLjJI (\.C lAAaj i £ 0 ^3 L 

3m actor - w b a« 3(65 kg) - 130 kg 1 
2 ;»., ct „ r 2(65 kg) 2 

B — 60° 

4dx<j.<i! . j^y.3 4_*.3t 3 , lx*U jL*.Art F (.iLL-uii (J^d* 4 jI 

ss 

^LLJl ^u-4>Lo-c ( j \ j > ,jl hla.^i ji.^J1 <U I 4JL^-wli £ Jui> U_A <LcL$J! 

Jx 3 idL <*J 1 ^3 i udJjw^^ <Lc. .0 — 40 4 _u!jlxjV! duLd lij 

. 3^oailjD<5 <Jj-<Jl! tj 

.(4Jl>Jl <>Jl 4> R— 3.0m (J^dxll : 4 j^oj^ 

.3.7 m/s , 940N :2ub*Vl 


jjU^Sitadl X 6.8 

RELATIONSHIP BETWEEN CONSERVATIVE FORCE AND POTENTIAL ENERGY 

^lc. ei!^_T*_a_j jjt Xo^-o-Sl . 4_>a^dxi>3 ,^yz £.^x?fcd ^i^_u.j>JS 4Jl_>* 02 Lie. 3 

^isd-rt ]i ijLA 4jlju \ ^Je ^ <?L>vji ^3 F^. 4d*3l_st_a3 jjl ^pa^-ILslJ X j^>J0 

jjV! . 4_13 l 3L>JLI jl J_eoi ^Jbtj LosJuc. <S-<j^ibxU j-doj 4-3 ld> {J7 ^ j a t.qll <• -flud Lort-xb^l 

. <Lo j^dii-dL! j-xbjJl 43ld> 43^-*oa dtC. F ^ jxju luiA J-d« 

Ax 4_>.|j! La^xjLj 4diab ^i-*3 LaJue 4Jo3L*o2 Jjj-xll (jl i_L*ie 2.8 

j-u Lai! 4 \r\ <rt i C-U Id ijl . W— F^Av — -At/ ^}1 (^t 3^iti! 0JL$i XxvIaALI 4jsLL> c-Jlauii! ^aJtai^ 

:3j ^ua j! t _ ;r 3 dU £-joo^J 1 43ld> ^3 ^JbLuJU ^ailji 4 jIo^ iaa£L«u t dx ^Juxxli 4aJbLuai 4j>.ljij ^jlaj 

dU = ~F x dx 


43lioj 3^dli ^2rv 43^ijJ! 


43 < d*ii J^L> ^_ta>^i! 43ld> 4jI.Ju 4di3L>J.! Ja-U^3 {IjAa^ 

( 16 . 8 ) 


6., JJL 

dx 


did dij did did 

JCa L a ~i . I l 4_iLi F = i-j-k — 03^ 4jJA11 jL*_jV! 

“ - dx dx <9y dz ' 

U(x, V, z) jIjOaI! rJLJI JJi ^jLC 3 F eaLjVl 
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. X J 4.».iJi.il Li ^UauJl 


4_ll :>• . L3jl LM \ A ^3 iiti5 Lifi jj-ijJJi li-4-U 4^>UJ1 $JJt> {jA J^Qjl 4jj)g.< n) 

'. 1 aSL-&^ U ~ -Ty lex ~ 
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dU_ 

dx 


dx 


(jkx 2 ) - -kx 


{/g— 4__ujL>JI ^j_C 4 \ tu 111 1 4_bLL) 4_l|j) ol £-L_>.jVl 3 (jr&J 

.x ^ y 4iii.iUj Ug Fg= -mg Cj\ 16.8 4JjUJU j-a ^ i>m * mgy 

id-Uj {jA p_^i . 1 ^ia <tLi3L_>Jt,i Bj ill ^Luiiid ijS-4^ 4jV ij_x 4_>al_4> U 4JijJl <j! JX_>.}L} 

. I j^Ojud Cj-jLjJI jljLoi.1 (jV 4^LLs ^Jl C-oLj ^sLual <jl 8.16 4JjL*-U 


.X J-/3 U(x) 4jljJl ^ 1st \a <J_u 3 Ji-<U IliLo 


(tf^ 1 ) 


&Aj)V\ 4 4 7.8 

ENERGY DIAGRAMS AND THE EQUILBRIUM OF A SYSTEM 

i/U ^Jl t /~i 4_^1 t_u—« £_4 4 _sLLd _>. /y 3 1 J . n..i £ 4 lx i ^ 4_£^_>. 

j^LLjlII3 J3 "11 4i11 4_>a^l \.'i a i 1 4—sLLa 4Ji_i C^ X ^ ^ » 4_>aj) lX < U ^Li-o_>-Vi 

4 -^LLd jjl jiHUj (j! j-jLiiJ! lU->J 1 x £~a 4J1 jJI £ju* 15.8 <jSLiaJI . t/ y = lex 2 ^5GJ1 j 

lLxaj^j . \r\ 7i l—t *tl( ( Ct- p > Li_A j_A \jjb ^ia-l] (JixJ 1 

. 16.8 4b^GJ1 U s £a L^j 3^UI 

dU v 


F = - 


dx 


kx 


JaJI Loji^s. x U i _ ;r irtJJLl e-JL-u ^jLuj 3^UI 5.8 ^3 Liitj 

U (J7 ^ ^ rtuu.n Jiiil (jts F ? — 0 ^)1 da > . (x—0) Lil^jjiJ jlIc 

X 1431^1 j-d>^>Q {jA JoLii_ul ^1 3j_3Jl oJub CXjL^ 1 jl . 4-iic. F^ 4_p-jL>- 0 j£> 

fJJiijl j ■■. "nj 4 _Jl_t_u dij_ijjJl L 4 J ^ 3 j-i 3 ^_ 3 ii uj-^ Ll^w^s dU! dx l> 3 ^J 4 _Lj>-jp 3 

<uJLi_u % ul-^ o^idJ 4 _l.>. jL>JI SjJaJI dijl Ijl .4^^_3til djjJLj LxiAle X —0 ^L>o i—ilicJJ 

L^jo Jiic. X —0 <?L>o 4 Lt'C 11 ^jLu 3 jj 4 _jlv^xs F $ c ^- 3 c_JL_u 

Stublc j < n-4 Jtjjt 41 ^ 11 ^ ^jjo 4jjSLU 4_4j) La-iaJJ X —0 ciUj qa 

3 j) i ( ^) . X = () f. Ij^JI ! jub {y* jLlZiI aS ,(j? (jl equilibrum 


( 3 o?) 


^u^df! 


t\ 



^jJ! JaLoxI! jlbLa C>j. a 1 .mi. 1 ^) 1^3 Vi ^\-uz>Of \ 4.4 lx. 

. J!3? U(x) LajJx 

4 \."K J i CXtjj} 1—^ 13] 4j 1 15.8 jJiuliJi £ya 

ij ^-3 3.3.1 llSjIis X m 4 _u1ju3jI 4_>3ji 

4j^ 3_>JU 4J3LL> 4_ul Jl3_jV! 4_ji£L!! 4j&LLaJ 1 

t4 —:>Ji iJT ^ 4.135111 I j l3 1 aJulC, - \ kx n, 2 

4. t..,g *\.l 1 (j-xi^u A 5.33j 4^^>> 433 LL> 4-^o^l^j.ll c_a i*i3^3 



15.8 JS^ 

(>uLfc JLxC. cJi3jJi3 <UG^i! 


<_jJU.xJi3 14—lilj 4_il5 3 i 431 .Hi I (j! CAxv.J .£-x3>jJI 4ihLL> 

X~—X fn /A\.3L\-3Jj 1 ^(JiLkllj ^Ha^LJ cfJ^-5t-33^ 4.L 3531 

^ .Turning points £>^>11 Liki3 x ~ x m 3 

Jxv^jV) 4_3LLaJi ^^3 Jl^3 Jxv^jV 4j] CXc^v. 4_JLa_3_>J 1 

# 

. 1—o5l J .X t —X -3 —lm 4-13SHI ^jl—3 (cill^Tt- >.1 

.(13 ^1 tSlfi ^3 1 6j*A CjLl3j JulJ 1 O J L A ^!u3Li 3 mj 

1 4_3lLdi ji Jj-3 £>l (j&jqS)! 4-3Hull 4 ■£->-* 


. X—0 ^H>o Li-ii ,t i 


L*)l 


3^3 (jV nj^la-S-<J 


♦ aa ^Lx-j ^i3 £jr 3 SjljjJ! 3j£Jt < jt jA j.33<n.4 (ji^3l L^J Jx>-^Xllj 1 4jSLul5H^i 4_aj_L33l JlHc 

.iiij-2t33 L$5j3 aJL c. a>ISL 3L1 ^u31 jJjL>o l^jpa ^>3 3^531 4j>3j! jJx 

JSLcuil £c_a3>^j Aij-v- /v^ 4io3L>JU 3^-3Jl ^_3L3 0->o X j^>JLl JjJo ciJjx*5<j (jVl 

4JuA j3x tjljjl j-3o^a ^ < n->Jl U3^i ^JLULjj J3x F^ 0 3j»a .X £~a U{x) 16.8 

1 fj\ Is! .^LUI Unstnbic^. <3 3 uh.4 ^ uC (313^1 £ J *‘ 3 3^ iju& (jl3 tilij £-**3 * 4ixLJ! 

j << >J1 ^jl 4u_>.j_>a F^, = — clU/dx iX >0 (j^£3 UsjlIc. lJU ^jj c^o. . (x >0) i ^A^ : iJl ^l^>o 

jLi-u-Jl 4^13 x —0 jJ-c. ^1 (jli - 13] L>ol. X—0 1 jljl3_l>3 

x <0 (J 3 & i—^j-ic. 1 _j_>-j_i 3 J_JL1 ^jV 4 -jJLioi {j_^So 3^_3il (x <0) 

X —0 .^jljjVl ^jXI 1 J. X 3- LA I &J~A ^ t H.->J1 £jL_u3j^ 

4jvljl ^V 4 uaiZIL j>-3"u uX 1 j-xc (jljxVl JdLoj Jx>-| 4lL>Jl oJJt 

41^ 33 I jl «. 3>V-i >J 1 ^jlj 3^-3-11 (jV i4_Ll3JJ1 ^juA 

^jjVi £-jl3d^JJ ijr I] ^uai.^>J1 ^^4 ^J] l—<iSl3 3^_3J1 (Jjl— >«j .^jl^Vl 
jjl^-xVl ^_A 4ii 4 ; ^dL— uoj £-^J JlLx. 4_3LLd 

^cj Jil-LxU ^-i-iil^Jl ^_x3>^JU ^jc. >L^ ^Liil ^jjl Ha 13] . j^.i3. 3.1 nil j^- t x. 

i4 _^Lx- 3jj) is\\ . 1 3 i nj c-S^-ui jut 5>L3 JLj 4jLb ciJj-x c .3 H ciJ^.3 



A' £-a U(X ) ^a-cuj 16.8 


JUX. A~t-i 11 >a JK -1 C rjlj^l 4J 

4-j^ljl iXj! J—^-1 jAx. .A=0 4 l^i ,3.i 11 

ijr 3 3^_3Jl 05^3 l^J—(-Ujptli 0j-±JL-U2 
. A = 0 S JJU^Q dL>ull 



isu-CbjJiijjVt^O <»?.**»> 

Lsjlui j-^=j lLILLa .( j 5L«jL« U(x) Iajuc ubLi ^Ul JeULUl >J*Lu 1 '7'’^ 

-lie. . jJ^Lju-uU 3>!>"*^ !jui> ^ic jJ.U.sj /' ^ — 0 JlJJLtj l—* ^2 ^ .j; ^ 

Lr 3-2l ^ So < 41 . ( J3-‘*- J jt <JT^3 uiJ>->j V (j- 41 ^ 

. JjL»IU 3)^-^ 


1 ./ ^ aJUsJti 3>^f 11 u O-" 1 


£_xI^J1 <lbUo 5Jiju L_i_i^ 3 ^-^ &)->. (jr 2 3 ^"^- 3 a 3A ^ 5 - 




' 9 -i y «!' 


^>= 40 P - O' 

L j 

■ OgM-! «~l ^>SL4J ^jjl^ CT,£ (_ T ic. /7 (a) SJl jJI J-4J—lij Ijy j SJaLijJJ L7 j4 ’ ■'• ‘-'aP* 

. U ^ aj3jjJ £ = 1.51 X 10' 22 J . 0 = 0.263 nm ( jwu__ ; -L!l jl a-bLj i>* 

lAJ 4 1 inLlH 4_al 01 U i :... ->■! j 4jla)l aJJt ja-cujl <Lil. Li a 7y“ P ‘-^’TjLu 1 fO- 1 —^ e - 7 -- i “"P (“P 

4 _a^Ia lali £_xa^J! 4 ^llo _5 < 3 ) 3 -*^ 4 4 b ..a' (jljjjJ! (J-ua-Lu LowLb. j r“i ' aa (j 73 ^ /P J- 4 P -1 ' 

Ul^Ui jL*jL /7(a) 4JIjJJ ^j^fl jl>JI -u^ 1 ^ J*‘ (CiO-^) LrpJ^ 1 ^ ^O 11 

j A t i 43ljL-iaa^ A jj7! ^ -i' "OL 
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{ x) \ X) 
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L J 

: ( ^ CT,£ Lu_l 2 Juu cy4 Lrpj-jJI 0^ u'3 3 ^* o?^ 7 ' 


• = ? 95 x 10- |() n 


(_yiLijJ! (J<■-< ~*-i ‘£->•^->41 4 a._» all 0 X 4 I 3 J 3^"5 - 5 ji^ 7 P 4_1 a 

<>* IJL3. 0 _pL /7(a) (jt . 17.8a JSLLJb r* ^ ^ lku 

5aLj3-3 ‘AUa a1a 3-^ ^^>2! j_u3^J! JLlC. (jbjjdl La.UC. (1)3^3 L.<x^aaAj 

^-UOJJ — j> iU r 1,1 ,<a 3)f3"J 1 4JL=^ (J7 -2 f/(^) O^ -3 ( -^ ^bLuJ*! 

3j3 u, ^ 5^1 t F x (x) (b) .^>Kii j \^ ual ^ O' 'M* 

4J^ 1 ^ S^oJI <?J Ut> 1 ^^1^0 ^ ij .1 3)1 O-U1 j Lo^Ijj 43L^iii ^3 4jivl^ LT^ 

. \j^ 3^13j^iLLq /\ djfi* W J W>^ 





J3^ 


ojUj 3j_£) l) 3^ 0^ t — L=v - J U^-U> 3jjLll Uj^xl ^jljL^tlu (^rujjJI (jl cu.p* 

^rw r ‘Jit^l-'5 L« JliC j_3Llj 3^iS j tj^ U> > ^ ^pp'Lj ^y3 . ^\3 Jl£.Li2Ls 0l3jjJI 

^L-L-a^-jyi 4_£iLijj^ JlIc L^jjLUI j-}-*-> 3^-3Ji ijU-A .&^U ^.La 'x.uj cJi^-i-u tiiili *L»4uuu ^j~a 
. Sz’LJL.^^iS'J 1 ijr ll j-uOil JlIc, dJjpjJpl 3jLll UsJLlC. 4^jUUa <t2u^_Luj 

: (jy l£. jaiojJl ^Uai jppv.^ JjUjJ ^JU (jy3 16.8 4JjUJU ^laitlLuL} 


_ clU(x) ' cl 

F x - -- - As — 
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\x) 


61 


- 4e 


-12(7 


12 


-6cr 

7 


JuU (4 j^ ^Lijj 4__i_>.3^_3JI (jL^ £J3 j 2L« j_A * 1 7.8b JSUlJI 4_a-.. ur> 4 ^ _l T uJ 1 fiJJt 

^<Uj jUoj j tTt t nil %-xXs po J ClC, <jLjj jJ 1 (J3^3j UsJuLc \j a 3j_Ju-taJi CjLsL-^ 

ij\j <Lb1 i u a (J3^3 Us jJx. j. a unll /j_a i_jjUu3 3p3J! jj! Jia-V . 3j_i_tdl J rtll CjLbI £ u a JlLc. 

. i J^>. 3j-t-l£ 
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Ui^-i 311 SJsLtjj-a {jr &, x <iUJ,1 . [xj-5z .\I l-l>L/.U 4_3lio 17.8 

3jjJI 3^3 U-j pJ3 ^yll! 3pLll (b) 












CONSERVATION OF ENERGY IN GENERAL 2laLc, 3 j>aj iLaUaJl ,t^ x 8.8 


(J X 3jJjJJU 3 11 03^ ^ cju^. 4—a^lsJl 4 ^KJl 4 LnoI. 1 4_slifiJl LiLajvV J oi 

oyk 4—t_>.i x^ai.1 j_i4s^Ji 4-BlL 4Jlj &lx *~> \ I r5\-<u dJJj> (jX*- ^ jX-f - 4 \S3~^ lX 1 e ^— A 3 k<U 
JuLc 4 -jSwulSLall 4_^l_LJI Jl3_3 Jl_>- 4 J 5 L 5 *5.8 iJ X \ L-4-^3 (^^v) 4_i_s-lj . 4 La°iLja^q 

ijl ( j£j-i ’■—■£i Jju l -4-X 4jj!j_>J1 1£wU^L1j jJJ i.Ia-i-^lj J JwLc . iiiL£To»Vl <J!Lg 4 La.^Lsc-xs j-l£- X ~ i 3~ : ^3 

0j-£> . 4^a^lsill 4 \ y L_u_%-^ 1 jjiwlj ^sllo ^Ji 4_tSLul^_ji.( 43llsJi 

4_£LLJI -jLs iydii^ ^ki.D ^\c LoJlIc. jUlil ( J-i 11 n ^lc . 4_xL>J jll 4 _bLLJI L;r c_ J _uj 4-sLLJl 

3j^_a- i^3\ ^Jiwl.} Ll_B X a 3 4_ii_rv 1J 4_£l_Ls <J^-Sr—Iu uL11£JLjv.V 1 i_*-um-3 3 Jsj 3 rill 4 ^SLlj iSLlt 1 

0_^_> _ojJ.1 1 La .^-La-cjuil^ 4_b^jl 3 j1j^jn- 4_>-j4 3~>jl dUl ^i.r. La <tr11^ 

4_ijjJl 4^^_>JI 0 JcA <JL4uj . L^jI^jI ^/-is1(j 3 ->- oi;jJl 1 ^.i*>> 1 x^n.) 4_lLa>.I jJ1 4iiLlsJ! ^^^>1,1 

iJ X 4-iLjJi r* Jl_A j\ i ~i X. VI L_«a lli_3 .£_i3sjJl 4_iiLls y 4_£j_j>J1 4 J 2 U 0 ^ya 4—ib^ I Jlj I 

. 4ls^x_^_xi 4 o KJ 1 ^JiLLaJ 1 4^-ajlH \ a11 4j^jLI ^Lx_4l>* 5^ 4_iL>*ijJi 43l_LaJl 


4_j-«i£ I L^jl-i Jl_>o J-l-uJ 4J 4>aj IS \ a 4_^ulj J 4 j 3 ^X. ^JULg I JlA 

. 4^LLJI ^l^jl jLpx. V! I Lilia ^j.i7i ^ 4_>aaIri ill 4 ..jK 11 4^HsJI 

Jlal ^S^Ij Ly^l <*33^* iy* 4_iUall aJ *^JLajVj oa>« *> mlV 4^llall ^jl <j;i 


iJSJi 4^mii 

4_lo 


11] . 4lulj (j^SU 4 oKll 4^LLJi (jLb 4>jL*J1 y ]ri} H 4 $y.y ^yi . L^Jtj 4_1 uLj 4J yjjt-a (Lj3SJ I 4^Hall 

r_y3 4_piSll a a > JL 2. A..} Zya j 4^ Us ^j^Jl ^yjCt ^i-t-U-3-^1 i-^ 

. 43LcuIi^l ^_i IJlxU 1*44] j5^->.j milA ^ojJ. 4^lkii 


MASS-ENERGY EQUIVALENCE 2LaUaItj2a^I}^lSG ^ 8.9 


lLILLA . 4jlj)..>d 11 j) Inll J~-X^ Lr^~ 4..3 j i Lsj j 4_^llsll >1^3 T Jl_ljcs 4_u 4-AL) <^ja.ll I Jdt> ^IL^j 

V 4 rXTl ^4 -^jLl^S 4—< a lj^-LS 4 a 1 4 ^ ^X ^1 cr^” ‘O ^ 1 s L^^Jlj 4J3S1I 3-^3 ^La 1Jlj_« 

. La j_*_» 4X&M ijyl^ 4_lLjx. ^1 4_ili^J 1 . Ui.i , >i"i m 1 


. 3 Jl->* ^lx (^OJo y-A Jt-a (jA*l^ i jx. 3jL_X 4-Li5Lllj 4_3llsil (jl ^jjJLojJu »L^-i^i 1 jjla iQyjJ$ 3 Ji_*J 

^)-oLi-3..<t (jjdt 4wC^ lc\ t a ^1 4. \"t^ SjyXi 1 ^ 1 4_a 4 [_>J! 4 .l.i_cu-J1 4j^_LsjJ1 1905 ^LLLliI ^jl 

3jj^ lull 1-lJjj| 4^5 L*j ^Is x~) 4^5L*JI . 4^im 

£ r = rac 2 (17.8) 

5_aLL=J( y R 0 ia-. J! j^jJi .m 51~.<U S^iilSlil SJiUail ^ £ R j «.^i^S\ ^ c r. j->- 

.D— 0 4Hx^_i_u Lojdx. 4^lls i i Ml 4313^ jj^SL<_u]l 4^lls ^X\ 




AbUa)’! 

4_3lk ijjUlII ^J- a — j l lm ^ic . 4kL& 4klk ijr-k Oj^Jujua Lajo 4k£D 4__u>-L-uaJll 4klk 

^^LuU £«}La ^j_a Jl^.!_5 ^ . L $ 3 I 

£ r = m c 2 = (1 kg)(3 x 10 8 m/s) 2 = 9 x 10 16 J 

4Blk iil^A <.»l jJjLaj .5 ^L>Jl JjjUji i _|_U3^j ^jysLc 15 £y& L^-lLc. (Jj) i/^>J1 -j^La-J 4BLkII Jlj4j 

uB^uu 4BikJl <jP* klkJl £Jui> 3^1 3~k5M ^ajLa lj] , JL>*lj 3jJL 3jL3tjJU oLs^^Jl ^^^B 

3 \ 4-uLj.a X11 di>Lc. LLjJI j5L>- ‘Luz>yu* 3 jm\ /jSL-AJ ^ 5JI $Jk 3jLU 43 Ik j. x*-i^r> 4 3 j 3 ->J 1 (jr £> 

kLkJl ^3 ^n . a.1 j~tu Ug-i . 3 j<uj i4_jjjjJl Cj^Lc I 33 . 1 1 l—J_>- 4_3tk>lj CjI jkLlJl L>3^ • 4 j^^l!I 

• _ _ _ _ # o 

jLLxtaul JulC 4.^1iy.3.x^Jll 4131*1! 43lkJI 4 .^a- 5 ciJJjJ <JLla£ . Lujk 10 0ji JuLc j <13111 fu 

4k£ ^j_a ^LLLs jJb! ^jLtll ^_a-3c- a jjV LiU5 OJuXJ .C^~L> -J:* Lrul^J ^J 235 3i^j 

4™5t-u3 \ 3 (jjSi Cj^Lc.L3Jili £Jui> 4_^alir.a-^xill 4Jslkll 43u- A ji.1 4. t-itkJl . 4-jl.^Vl 235 ja^_uljj_d! 3ljJ 

. 4jj^_l]l 4^kk/l jLsc-ajI 

. 1*31,35> till 4_3jjk ^Lj 43 Ik i ^ i«31 Lc J-aT. . 4k^ L*J 43lkJl <jl 17.8 4j-iLtI,l jj 

:< O l 3$ <_ r B tjp3 43 Lk jkTJi ijr Jt AE Cxjk 13| 
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(185) 


0 ~ _ it f ^ e 

j_aj . Am— AE/C 4 lVv! 1 ^^j-B ^u J Lul l ^j^Sk-u 3jj-xo A£ 4j9lkj JLwO 131 4k_>J 

JjcLoj jI k_}!_£. 4.^jilSkA 4_jjs_>o ^5 ^3 41*1511 j. .i it311 (jL^ 1 J^>. j j >^ jl-i 3 a C^ Cur>~ a cilJ3 

,4i^. ckoiiJl < ii i^tl Q^jyu ijr jLtAk 

ijj-qJLS I ^3G ijJt 12.8 JLI 4 

4J i,3 ta 400 4_au_u) 4.19 X 1 0 9 kg jJ4-_uk . 4_Blk ^Ji 3jULi 4ijLd> 4 i a5 (J 

. -jai. aq j J 1 4_>.jL>J 1 3jJ_3jl jljko La - 43 Ik ^jl (Lu^_3j ^3_ac->Jl 4kj_ujXo ^yzr Clt 

4B>L*J1 ^yA 3j^4uLla 4-ulllJl ^3 4alktU 4BtkJl c_i_i_uj>o 

E r = (4.19 x 10 9 kg)(3.0 x 10 8 m/s) 2 = 3.77 x 10 26 J 

( :3jJl5JI lJu^jju j»jlitlcuj j<u 


;? = 


3.77 x 10 26 J 


1.00 s 


= 3.77 x 10 26 W 


^~u 4jvjL>J1 3jJu 3J1 Tys ljL>. j /* t<~> Lj-^* ^L(^L>uVt ^ us- 'v iJT S ^lk*lk £- l " ii '' ) 

. 3^ La ^JSLl 4Blk b!j_aV 4k4 _la^31 0JuS> tfXlj £ya ^C^JL>^ *{_ysj^\-h <4_»„la>Q 



i ISL^jUj Jifrj tfLuiSLdU - j/Vi^ JjxJ I) *! 

A\ 4jaliaJ 1 oULiii . ^ ■-!.. iij .jL.^loU L^a 4 j j 1 j.->- ^._*->J 13 «u^j-Ul <QLLJi) 

4iLkJi ^13 iOL'JI 1 1 L^jjla-.'- v ^_.'_-l,«_ji «„L>L_«i^3 43Liaj 4~u-jl_4j3Lia 

4-SlJa.j ^At&JI ijlA !^Js3 C-tji «4.*U>Ai X C ) a-1 }y ^.-2 i} y.^ 4f)lL> ^Jj J ySe-ZA 4..uL_t^.j£Ji 

(^Uiil «*) 

QUANTIZATION OF ENERGY iLSLLJliU*S3 ^10.8 

VjLi 4i_i_^.iii>5 l^j ^£i :^L.uS.-y 4.u^..g£Jl 4_La-..3iH 4 -xuLj^.^xI! C3Li_^XJ \ ^j3sju 

LiilJ lIUj Cy^“ -q£j3J1 O_>oj ^vJLjJi ^3 ljL> 4_aLi 4_x_^$JI 4^<-j.gioJl . 4JLt*a3cI,l I ^yd 

ol O^SJ • (o> i $>J J**- JS-^i UIH^* cV 1 03^) } JJ.X. 4 JI Sp ^ <aUa.ll CjLjjI^ 

pa £^ojj» L»^ .Quantum States e.iVl^Jt ^, 0 -ujjJ 4 i?J>.x-^c_.^ 4 J 3 IL 5 ol^3 

^»4_a_4^J! c_s^L>Ji oi_l3 ^i.j 4. .9 Hall L^.1 ^j! S^jlL! . 18.8a ( _J$LoJI 

^aii 4 JL_>Jl l—1 j> 4 ^-OjVI 4 JL>Jt ^113 . Oround State 3jjdi 4 __L.jJajSn 4 JL>Jt Ej 43 Hail 

. 4_1^^_*^S 3j3 L^iaao 

£A ^j L ^l l E jj-uxo 43 LE 431E CL^J L>- aJ^-auJ jjl 3jjJJ /^SEv-i 

LaJuA 4jjJl 43 IE ^JoLu E^ yJt> 18.8a ^3 £. 0 >jJU £:.jqJEJI 43l_E CjljjJI 



I Ivclrogcn atom Eanh satellite 

(a) (!>) 


4iUJi . 3J Je_i_^ JI djj 4-i.jiiLIS o'ibjl (a) 43lE.II sc. j 18.8 ^SLut 
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LL>J_5j__AJ l J, is~t J_*_a jj_a 

. P20.8 JSoJL ^_l3>ja 4-juijl^ 


-20 







■Indi'V-J I dJst \la JtrtrtTl 


dJ uP 3 J—^ fr* ^i$l3 0^—f—>41 

o'j J^>JI J>^ o- 4 lJ^L 

LoJuLc. 4j! CujI (cl) . 4I a ^ -o 4_ojl_JLa 

(jl -3 ^A 0 4_Jjlj iJ-L—^Jl £_J_C63_J 

0 p3 <JjuJ 4 _jX.^L!I 

F = mg(3 cos 6 - 2 cos 0 •) 

0/ (b) cP 9 ^^ -" j - ^ - uJ ^ IL v 

i _ ;r Ij_J 4_4jMJl 3j_dJI La jl-I^. 

(jjj ( —d-*—^ 4—>- j—^-jVl ^L_3 jJ-c 4—a— c^LlI 

,4_ui}UI 



P25.8 JSLi 


£_<a — cii^-Stt-Tu £jl SjljjJI 4 j^_*U -25 

(jJ^. -a- ,"u L^jl sic. —l 11 1 JLg-Al 

3jljjJ! 4_jj.—*JI liI j —^-_."a") . —ajj! 4 3 

4^13 4^^ P25.8 J^iJL 

4jj — *JI (j^3 1_ aSlc. ,20.0m j-Aj. U 4 cJijuaj 

L-ulj {j^jjlJLa t-jlSjJI (J3^-3 t4_p»JI 4_^-3 Sic. 


(a) q)4' 


jL) ,' 


3 03J- 


Mjj 


cX 


4_<i_3 sic. LoJlIc. 4j^_*J! d_£_^_i_u I 

(b) 4 j^Jl!I ,(3 4__p*Jl 

(d) .2 ■ *■-*-£. (c) * 1 j—Lc 

(J\A_uO^Jl sic, _< 2 JjVl Jjjj_oil L-Aiii ~>» I 

ij7 Jt) 4 sic. 4j^_»Jl <Lc.j—lm OjL£ 131 (4) t(i) 

. lO.m/s 


72.cm 4]^L q3>JI 




.U 


La -26 


2 ^£L> w >-dJ < sj. a •>- tjL l ii^ nT t.4 pllT^ -22 

aSjl * P21.8 L> j-a L<^ * LmJLs 

oJj. -ai ju (m 2 o- 4 >-»-£t) nij 4JiSJI 

(&) 4^1LJI ^ ^a.I ss ^li -i -u L .jj^SLcJI 

4 i3->J sic. m 2 4JISJI 4_ C.J _LJJ L-J—UJ_>. I 

^ m j 4_JVjlj m| 4-LI5L11 

4_jdl ^L4 jjI ^jy ,ua31 ^ci_u^>.1 (b) /? jj m^ 

,m 2 itiJI 


4jc.^-toj j-3jl>s 20.0kg 1 \i^ 4jIj c<rtllroi -23 

lOOOm/s LajIj _ a _^ jJajJJ 4_aj _ 3 jJ_a 

4_j!j C* ^.11^1 ,^-d_3^1 37.0 4 _j^I^jj 

1 .^j^jL3 "< 1 iii ,90 4jjl3-d tSj —-**^ 

^ ts\ 4l (<i) l-j! i< 1 -w 4 -pL. il5L4i 4_3LLJI 

4.^uliLdl 4-3llaJ! (b) LL1£J {Lai jl 

i ^yajH .31 . 4j 13 (^^Li j I ^ I<Q 41 J uiC 4_ii£J 1 

,y=0 xlc £*sX\ q] 


^Lt a c_ j L i.,3 cd^JI dJLljJ! (j-24 

£c_<i_j_uj . L l ■«> $j.a Jj— 1l4 qLLu- ^ j 
3 ^yj ^3 tjr 3 j_jvjLjj ^jLi 4_ur.>U 4.13.«II 

.(P24.8 JSLA) ^lj 



P24.8 JSLui 


lILo^jj m 1 4 “<P< < 


«- 


i>UI m! , 


4_C^3^o 4 ju^Ia ^lr. 4_o3lj {JJ A> a ( 

^Jl t^n 1_ aS jlC, dSj _ dr.. Tn 1 ^ >lj 



I lSLt4Uj%A)t^ iSailSjftt - J^Vi<s^a4t) ^Ls^xaiJI 


3.0kg 4 l ,. " l l . " _ 5 ijyi tiJL5sj—>.5/1 J-^l * a 

iju3. P30.8 JSLjJL U£ 0.40 y* 

3-C f~ : -v i-o 0^! gw*3 j~jX. ' *Laj) k~w U 

f ^y.a Jj j J. tCs LaJ_c£. 5.0kg t HjS 

1,5m 

:!.(!() kg 

m —: 


■ :>.oo kg 

P30.8 JSJu 

2000kg t 5jU_ - 31 

(JjLo i^^ Tu c i x.^ 4 4 3 J-* 2 _i_uV <j^J\ 

• {jr ^ —bVI 20 4_j^lj_i % <j5.0m 4_)^L> 

(jr& 1 g 2j _*_i <_ y 3Jl 4-31SJ L - ^ Vl 3^2s C1 a_jL^ bl 

4jL^j 3jLuiuJt 4_C.^_^ . 4000 N 

0 Loll 

1 4—— 2 tJJ 5.0kg ej\ j—3—^ (J-33 j 2 j I 32 
8 . 0 m/S 4 _ulJu_iI 4 -C.j^-^j ^{£xjt-ujz 
4—2 1— <_«^o £_la2 J_x_i J3 III <nj .(P32.8 
30 4 _j^lj_> JjUI 3.0m 

4 -S^>- 4 _ 2 lL Lr 2 j-jJljJ! (a) <- *<« •> • 1 • Cjr iL 2 Vl 
3^2 (c) £-uojJI 4 __bLL> ^^2 J. li ill (b) 

L^jI ( J 3 ~ 1 1 (jr Ui tiil£3L>.Vt 

di\£r t OH J_«l_*_« ^ l_* (d) (4_^b 



^lr- 4 -Lu3j04J AJ$j da 

^JuAy k^-t-iAvaJI t-ijiS^Lv^ 1 

1 1i t-2^J<a.JL j 0y - ^ ^~t, b i y • . cu _II 

lIUjj 3l_ 3e_3 3j^SL 1 1 dxa._rv JujC. . 4_<-J_ U2 _3_L! 

£_>.j13j L^jb 4_j-32l AXLy-uj L^jLLa ^ -L} 
4jj)lb_/a AX-y^u J2I 1-4 .4_Lol£ 3jJib 
. 3 ^.j1.J-!I 4^2 1 £^531 

4_£.L-3j^1 ^yj j3j^Q 70kg 4.~>1 "5 yX>\yXL y 3 gj - 27 

LojJx. ^yo\ykl\ y.a~n.<ij .cLU (jyQ Lu-ulj 10.m 

.5.0m 4 si uu a tLU ^.lo.g-u 0 _>^i —*j 

,m l^j j-3jj 4_4^L3 ju «.i^<* ijjLo 

^k. 

4_ll jl 5 3j_ill P28.8 {JSLjJI - 28 

Lijlj — a — « 4 1 *i .X (jjk. yJyj ^_ r 3JI ^ 4— si 

i>° 51 —=^* (°— 

^_cu_ >3 ! 4—C.^_4_o 4 _j 


11 

>JI la_ j bj .5.0kg 

.1 .x=0 ale 


.a- 2.0, 4.0, 6.0m 



0.25 kg Lsill< $ 1 a . 1 L 0 &yS 4_i_£iM]l 

0jJa£ 4 a is\ ) lj iSj ~*^ - taj - 41 (jr ^ 


29 


. L^aj ^)_<q L^-^^ 3 u ^jl (J -^-2 60.0cm 

la>jl„ L.3 a 3 y 3U 4 i.ilj 4_i_5^-« (jr k 4 » C. 5 OI 

bi . jUJll 4J^JI ^ 30.0N 

^^2 4 U3 ) ^l.jC.1 J_Lc c>j^l 1 4— c.y —i_u 

y-£-J\ CuSyJl bi . 1 5.0m/s i ^ r xS> 3j_jljull 

4 C, f—Ljj t__t^u_>.l 1 csyxi i JcJ! ^l_2 jJ_C. illy rr qJ 
.4£jJ5cJLI JuXL 


(D 


P32.8JS4, 








itisliajt jit 4,311a ijyallt! 


pLir.,1 L Jc 1.50kg U ; l. 


4jlt_5 O. 


1—c_ - 


37 


2lL£J! 




<jr“< 


J -HJ LT 1 ^ 

W-jL 4j 


! ./m 


ijj . 320 N/m <jlSj —xjj cluju <u —<—uu « 

La (3.) ^-La Lu^tj 4-1x50! CxLxLt. 


(-CU5 i Jj dijLOlrJ t—3 


5-^ 


i^C-Ui J<sL*aJi-sVI j! J_B_a 


g— Cu> ^—*a—taJi ^Lx/_u ^Jx. ^ > ~ 3 ) — ^—d 1 aJxL 

l >SJo (a) *)- >d\ _£ (c) 1.63m/$- 

4_JoL c! 5 — 4 ^1 4_a oi_B_ 4 3 q...a ,ji ,j^> IIj 

cUii 4i^J! ^ 0.70N 

^4-ojJ ^e 3 j g 1! 3.0 kg 4J_LL JJLj tj_u ~ 
30.° Jew ^>- L -‘-^ a OO.cm 

J^uoj La j.xc . P 38.8 J 5 L«jL e 3 9-^ US 

J5UI ^ 3^11 L7 1\ J£!l 


m :*.«> k K 


38 


** liO.Ofm 


9*y»sr( 


P38.8 JSLi 

uk-S <M -cU-at .* J^jJI jij-L 

' ^k~ 3-^ crv-^-L* mil lJISU^VI JxaUa 

^Jx. Jq "3 1 LgxtLaJLi Ljr Ui 4^LUU jljLLa La 
^Vxxt. ^ 1 t 4-}^^ ^ ^L u ^ji I JxS 3 B ^ l ^e*-** 0 -^ 1 
. (j g a j < T « j «a LjsJ-e cJ! jkUU 

Ax^auij 75.0 kg <di^ ljL> ^^ vL 1 - 
JLo_qJI Jj_*_a (.. 1 60m/s UJjLLa 4 _uL^.j 
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. 4_jSLj_j LSLt I 4 L 3 1_L ^9 


j'U&aMjdl 6.8 (i*uJ 


WKB 


Lyw 


JV Tys BJ^SU 4—4j) L i l 4_2LL> 40 


U(r)— 4J3 ^UJL ^Joju r LsUu. <w a a 
3 j—3.11 i . ■ 11 -L . duL jIj—3 _« A Cojx A/r 


—u-j—^ JS i_ jJ(Jxil 4_}^la_^ 

(jy-L- 


\t£l\) 




H 1 




J x . J-Jio ^VAui^_} ' 33 
l^Lu- v-'^ (47.0kg 2 lKJI 


JitioJi C^}15 u_>LJ_u5 


c. 


uj\ jjLJtJLo 1,4m/s 


2.60m 4 _c Lo 3 j 

cujL.^ ) j.— st-Lsl ^1 _s * 12.4m 4 -I^Ls ^ 

%.S . 6.0 m/s 4 . . ~ c j__uu 

aoJb ^J-■■>• -Li-11 4^o^l_a.j<3^ 4_a^l a .<3 

(_s J.li JJ_jJl 1 —. 4 1 .ON LaJjuO^o 4JjL 
. do ^jLgJ ! g. Lu 1 4,a> I ^ J J Ji-LJ 1 4j jj 

*> 50.0kg 4 .L < oj-L Jb - 34 

^Jlc. «-Li-j— 1000m ^1 o3jl \c jLLjlc 

ijr 3 jLOaJ! Lc . 5.0m/s 4x.^_siu ^eajVt 

. }a a 11 *Lul c 4>3^La>3 4_?t_u_2 4BLLJ1 

jll^Jua {^jjq 80.kg 4~< 1*1*5 *—)Lt_i_u ^C. J^aaj - 35 

3-4>_9 Cj 1J LlI 1 . 1 00( ) IT) ^kajj i (_ 7 ix 

^^2 (jl —sL (a) 200.m ^Lajjl ^ \c. 

50.ON ^jLcxJj 4 JjL ^c. 4^Lc^I 

—utu_a t—a_Li—« Cjj—J uJl lJI 1—ajJx. 

^ La (a) t^je-a a ^ 3 ^ LaJJx 3600N 

(b) , .ic i .In ) La jJx L yo\^ji3\ 4x.j_uu 

<—A ..---/• dpi Cyuj (j) JLoJ *") J_4. 

jJoj (ji LT ic (c) .LU3 

6_e Ci^.jLxj JL_J I 1 j^"*l t 

4—aUssJjl 4 L .->J jJx. J) <11 

^L>4_?t_uis Lo (d) S 5.0m/s 

. LUj j-i-dps S<Culj LalxVl o^2> 

^y-6 JLJL>U 4_U_*J j3J_a ui]j_jLjj ^ jLtJ_sxO - 36 
05^4 .5.3g 1 iiL uLLLa (_^j^ 

4i^ 5.0dTl 4-^1 4 «i.a j_-a5/1 Jj? 1 doy 

j — i-^ -u j i_3 j_oJI jJx. . 8.ON/m 4_3 ^L_u 3 doL 
Sje-^Lxa J>L>. 1 5.0ciTl 4_Bl_<.>«_a 4 _ojJ_LI 

Li»jld_J_a 4 _xjLj jJLLxvl a^dk ^LwLI 

^ \—a (a) a^Uij Sjj—^Ut 0 ^ 0.032N 

(b) £3 jJJ L^£jJ J if 4_x^-uu 

4l 3 jL2I 4— C.j — t-u 03 -^L 4_L_oj (jj jJx. 


. 4 x. j-LM ^ uol 31 L<v-^ La (c) ^^- 4 ->La 



tSL u lSLdf ~ j/¥t g.J^cJO 


dz>\ £U L_£tj>—*J (b) 4_re—ck>J_lt JIKI >J1 

j— i_c b» -a ,*i i it. .c c^L£ I j\ L/y.-j fi ijij—i^l 

1—4—«-uJj ^ < uy ^ (c) (J-ii—*-2—^ jt — i - u — 4 

A=0 (_yi X t-a F v J—J - iJxJ L-pe - 

.a- 9.5cm 


!C 



P44.8 JSLu 

1 4 Jela■ „ ' (J^tLo 4_c.j_.La SjljU i nl - 45 

P45.8 aJLi ^Laj_a jji Uf> (j^LSj ji 




!)• 
xt\ i 


Ut I \! 


pmw b siw^ ^ . . 

(;t! (til 



u I 


P45.8 JSLui 

ois; lii Lo clH 5 (L)'.l£ • i - L> * 

J *n4j J^LaXo jl i j £i < <i a J-_i£- jf Ij 4U tt 4 

^_^_C ^ JJLJ CM j (-djjjl J "i {yA jl i. 1 ^ 1 

t>Jjl o " xa lLd ^ a t - v- — 46 

3^_Jli ( dulj jli - t lit . <:L_j_llLq 4 j n 2i\ oJ—u~\ la 

j —j— c. \ —<j—g_La R yJt —-i-ij-iJ 

X 4^L_u>3 ^ i a >J 1 i J Jl 3- ^Q_l ijl (a.) . LLsJ. A 

HjVI J) mi It (S-Sj - 4-.-C. - Z*-i\ ^£> 

CajjI P46.8 yjt Lc-^ — 

t 

4^Uo 


isr it> Lt B 3 y <U J g —>Ji 4_^l_U 4Jb — 41 

_LLc 2jijil Sj_SJ( i-.-....,,..%•! U= Ix^y - lx 

. (A',y) 2u^’.u 

a AjtVi a 4 j 3 l b U <LuLcJt ^ 7.8 ft 

Cu -y p j ?! Ml X5 il-^-v. ( _ ;y _S ^ j mV. utl^_se_Iu - 42 

^_iS) L-<^ r (jrLc 4 _bLL> -L^Slju 

r 4b>3 1_«JL^ .P42.8 J12JL 

(a) . + IJ (jfA U(r) ujj . *x n , > jjj— 

1- dzJlA Ur Lc. 

(b) . JjIjlILc ^1 j TTi < n .q j^c. j\j au « bl^jl 

4 j Ja (jjJl 4 -jJSJI 4^lUii L.X3 

4j ^ i u.>J 1 [jl .41 q S ^\ S t Jux^ a p < ii ^H 

ijl t^Sbu ^JuU (c) >->... -3j 4_2LL 

c\Sjj>. 4_^lls ( jr u2-$\ (d) p < ii -^11 4_j_5 

^ J*a&\ «Li_ 2 ^»n^arU J-ussji.1 (c) 4J 

4_^oj,^LJi 4-^i i bi t jj£i — i_La_»^Jl 4 _bLLd (f) 4_ibLL> 

.r — ><x> Lojd^. ^_<_uj>Jl 



^ 1 C. 4-l£Lxw ^ — zc—a — 

^ Ljojt .4_ a 1~L ~c _a Jj-b Cj^LJu ^ a . 4 1 ^ c. < »< 

l_s^_» 3^ (3jd^ (^i_u Lj -> j { < 3 < uj 

J_L_C j! I jiiin i a 0^^ Ui^ cr^ 1 

,jJjLjlx>3 ^1 y cTl t uA 

J< wtlLi j-judjJI 4—sLLs x — 

_^Jl dul_^ bt i— & jc-juoj (a) P44.8 

# 

j_u->!j-U JlJlC. 1^—41—4_dl —lm 4 i ^ y—A 


(^322^) 






o^ c£lKl ^1 J^L^o o 1 ^ w 

^ J—L_1—i_u I » IX U, 1 -t-u-i 1J —JI 

j.s-\.) ^Lajj.1 ijr u^3\ jjl CjL_u^ ILLLJ ( 4iu^L> 

: j_£> 4_dj 

h 


U(x) = kx 2 + 2kL(L - V x 2 + L 2 ) 



(^323) 


jJLc >JI 
J} J-lC. 4_*_iLj 


^^_>J1 4__u^_3 cUjJLc. 4_*_<i^_i^3 J^_>.^j “50 

,3^5 i. <i ,j>X. BjLc. ^Lk^u dlLuLi ^_*_^L>Jl 
, 31 -1. l. a Lq-x-Lt. I ..u-Loi ^J_u2j ^LLuJl 

cr^< £>-9 5 J—'«j J^=i 

3—5^_<a Jcl :d 1 <jl_£ 1 jl . 4 L ^‘) 

4_ijl j juaj ^_oJI ^.LLxjlII <:Lt—r*_il 

C* iJt Oj. In a A 4-LlJ Cjl]i . ijJl 0 ~ 0 

(jr lt 4_c.j—oil C. 4« ^ 

^Uaxll £~a ujiij ^ H ^n^xj I 

j-^j « {jjz J ual^Jl 2a__»Jl —u2J l— AjJu 1 

£_>} 0 4_}^l^ - ClA 1 Cj -4^ (jy-'l SjL-J i ( fl iS\ ) 

.SO ^i^ji 

j> 

tjjfi mi1 tj-a kiJj-rt-lj 200g 4 JaL*T ^ m y ciJ^3 —51 

^e-LxuJt {j^a j t^r^- (A) 4 l*> rt < 1 i J_L 
1 L 4 _t-Juo < LuaJj \ jJ i 

2LsLU (a) (P51.8 R= 30.cm 

UaJL-lc 4_aLL_>Ji ^j-C. 4 a LuJl £_uojJl 

JLfllla (d) (B)^! 4 . ,.,',1L l @ja^ 

(c)(g)4hS ~<1i JU C. 4_^ 

4_sLLdj 4_!l_^ y v__>- 4_£i_L> (d) (B 



P46.8 JSL^ 

(J ^5 66 4Jt 4 «11 4 j^I 3 j 

t —X J U{x) (>u 4 Jj}-Ljl]| ^-ujI (b) 

5 L= 1.2 m (jI ^_L4 

4Ll.CH c_jj_^ pj Lj (c) (k=40.0 N/m 

La . 4 ^j_jLH c-LLLI A.d 1 4_i_>-lj 0.5cm 

4-L-<U {jy-1] 1-^ 4 ‘LlC. I C j^JJ (jjXb 

.Sjc=0 

^ ILJI j 413521^1539,8 fUM °> 

^ ojj^ 1 (a) J 4_^lCi! 43lLii c^u^l -47 
1—^ iLaJS> ^ ^ >jIjj 3j3 (b) 9.1 lx 10 31 kg 
2.0g 4 ~.1~.< Jjj oL_2^a (c) 4.0X 10 _25 kg 
.5.99X 10 24 kg ^jVI (d) 

_>J 4—5^.—3^11 4—aLL (JLu /^lil —*_U 

19.7 <bLai yjb v ^^uudl^ 

K= ymc 2 - me 2 Jz l $~< 

jl_ >JI Jixj . y = (I- d 2 /c 2 )' ,/2 o_;—>. 


2 

me i(»-i_ 


“T 1 ujjjw 


2LI 4_lKJ 1 5_3LkII ymc 2 

Xi . ^Ct-uJ 1 4—sLL 


ciL 


i.. J.XXL •>. I . £^ 11 4-C.J-t_U C CxX > 0.999c 

4-JCii 4i^lL (b) 03 ^<»!! 4 J 3 U 0 (a) 

. 4l^^>, 4^1L (c) 

:4U3LL>i JjLu* 

XJLJJ jj^LsI La jl tu-4 (JLj-uI JLj —49 
. P49.8 JCiiJL) \-aS iJjLq ^<ft i xt a (jyic- <-dJ3 





(ISLtaLuJLlJj tSLulSLJ,! - ^}^sJ i) 5 .U^AdJ‘ 


. (A'g“ 0) (B)£_do jJ I ju 0 . lo ~>J 0 jSLuv 3JL>. 
. ( _ 7 lx.V ^J-^loJl ^1 3 __o 

I 4_j_jLj laJi A 3 -,- *.(C)j_lI jJ_c 

. 3^3 311 4^j_3 JU£. ^ |jj)^ mlH 

Lt^ i /JlX £^ 3 —c-^i—<a ^ji 

4_a 3 !^ x aJU 4-dSJl ^Lkll <_. 


4 — C A- 
Cr^ A' 


.1 (a) 25.0kg 

^Lj^Luuj Ll^Uo o_> 1^ i ji 

(b) a- 0 


(C) A r 


<.a—~>- i (d) . A—0 JJjC. 
j —ju£ 1 4—<*31ai U 4 _£”^i—>. 4_3LL> 0^^ LaJlxC. 

L^j J, »xaj 4ii^a) ^ i^i-3 i 1 (e) (jS-uLi 

.^V JiUI 








P55.8JSLui 

(A)4_L^_aJj I 10.0kg 4_3j3_5i ^j^-3 til 

U jLai IaUs - P65.8 J^Ui <> 

jj_t-) ijj-jil J ©. (B) (j^-i \ _.o 4_^1 .nil i J_C 

Ji « U 1 J22U1 I a! .6.0m L^J^L 

k~ 2250N/ 3^_3 ojLj 4J A 

{jtjoVt j_us^c t j r a 0.3m 4^L_o>a daiuiajlj IT1 

J-al —* —a l. xj-ti —, 1 -dr» >J jJ_j S 



52 ,51 ^tUUl P51.8JSL£ 

3^-- c - u ^ ^—3jL_f_uJl 4_] L- lxJ 1 ! t_J \_:7C—L\ I i 

i a \ —£3 (A) -Liii ^ 3 ^ < u.l 1 (P5 1 .8 

( B) aJx. ^.i u. .~>j I 4_C- 3~*-u Cx? L5" i a I . ^CJi 
iSy* SJaLL ^ U (a) 1.5m/s ^ 

u-i 3jj)S.2U 43liaJ! jljJLa La (d)(J^) _U£. 


lH 1 f- 


_^-JI t_i! j 


Ujua oJlSL_-wV! 


53 


sJ-lt, Cryi -*j l jS_aJ.l (_yi J_4 (c) (6; 

. <«lUa ^<»a . dt-N .m^ ^ duUi ^.jL iaJ 1 

1500kg L^ Al3i* 3 jLxj_u j^juvI^-^SJLo^i - 

/ti_<j_ua_« 1 ^ <» >■ 

^>.L ^3 D= 0.33 4.J<J ^LujJl 

4_£>Lc^i 33 J 3 . 2.5m" L#3x$_>dj 

— ^5/1 3^1 — is\ M 31 — c-a 1 jj — t-L- D L Zu 

4 —aj^'Ul 3jj_ oil _ >.1 (a) _^ 5 !J 

l_Ajl JL_ 3_>3 4_IoIj 4 _C 3 _cii_s 3 .. i_^uJ ^IL>- Ojl—i. i.uli 

.3.2 4 j 3 i3 ^u 4 41 in £t> 1 ^| I 00m/I"l 

jjt-c. ciU —>2 i 3j j 5 j I ji 3 <1 < lax—>.! - 54 

fw -fl.li 3 -_^aI u.il'1_ jjr £ .^d_cuJI 

ujLjLj.i £ L^b-^o (_3 3 —«_u ^^12i 4_o Lj 3 .--L.xd 1 

jJwL3_^u 3^ . L^J l 33 ^“Jl ^3Ji3 

. lLLI i 3^3 ! lLU $3 Jl^ ^ jy 41 3 LjtC V \ 

3_j>»3_JI 4 t <» 1 <jJ3_j_j3 ijy 3 4_ 3 LL 2 JI ~ 55 

@ jlL—a . (A- 2.5 x 10 4 N/m) 

Joijt.x^u 1 4JL>J1 £>jj*> (x^ = -0.1m) 

{j^S 33 tai l o3^di c? 




iLSLkJI iLaUb Jmrttt 


(m) 



- -<i.(H) m 

T l> 




P56.8 JSLi- 


L&j-i-c, , jSJ I x ^j..3 Lv$ (b) x ^.2 4_Ji jl£ 

/*' v vj-iLvf^ x U(x) (c) .F r = 0 

j _iL-Ji_t.uJLi /itjoVi oi j Jol_S_Ji A' 

■ J ^U - f -u- i I ^_J_C 

4_La£_} 20. kg i-A j IA a .a 4jjj£ cJo_>j [60 ] |^f|| 

. c-L-Jua J^J 30.kg LkjljJLa 

J-*-^ ud^_Ljj 30.kg 4 _Li^J1 

L<^ 250N/m o-aU 4J^ 4JLiSJi 
oAf * P60.8 J£2J1 Ja 

4 ^Jt \ .n^ 'LajJoJlJ LaJlLc. 

JJLuJl _>- .j^^uLol JjU. 1 /*■ la-mil^ 

JJ.m ^Ji 20.cm 4JaL^o 20.kg 
^ic.! 30.kg jLiJi ^-i-iojj JjLU 
^'jja _^cJJ cL_3^LL>i (40.cm 4 _b1—ulw 

jjjSLl 1-4 J_kl J-OJ J£ 4_Cj_i_o t ^ X » 

^ 20.cm ^L^jl 30.kg JiiJI 

* ^ Uo jJuia>a dJj-ujJ I La J-Ic. ^ I) 



P60.8JSLi 


4^> Lj^-<U ^_yil 1.0kg <?j! A_£2-*3 Jo3 jJj-Lj — 61 

.{P61.8 JSLjJ \x~ 0.25 dJlfLim J_cL*_4 4J 
LfljJii 3.0rn/s ^ JJ2JI 4_cj-^ cuiL£ Uj 


.1 k - 100 \ nt 



58 .57 <jULA\ P57.8 JSL£ 


^ Li . u \\ j J-d_ jJI (j\-i -i~a 1 Li^J 1 <J-1L2 j— o-VI 

* (£) Crl] (§)(>* ^k^ull ^ 

^Ju_^ ^r-lo.1 Lt ^ ic. lJo^a 2.0kg < atl £ J_dj - 57 

C^jIj 4Jj 41^ 11 J.c.^4 i_£Jj_aj^j Jo^j^__ 4J JJLo 
lit .(P57.8 JS^) lOON/m 
^52-cuJI Lx 45 J* 31 ^3 *■ 1—**2-4 3^SL_2I 

ij] . Uoj) *.is\ a 

i t«il.i J <i < f>l ^Jj 20.0cm 4 -^L.lu .a ^J- 42 —41 

lllK’f >-Vl J^ljL>3 AJVjl . (J^LU 

.JjIII c^v cr^pki-i^2! 

(JjLU ^fu.uX 1 ^Ljuv 1^i- 4 All f i t *4 — 58 

.(P57.8 JSLxi jJiil) 57 aJL^Jll J* 

(j 3 -£-J 1 _4j_Lc (j^5L<qJ 1 -lil jJJol 

^ij 1 4^1_ ,uiU l_4 (<l) Lisj_*_(O—4 

^)j (J-J-S JiUl J 2 _x^l J^i -11 

S 4 J jl JlJlC. 4^1 j l ,/.<“) j_A 1_4 Sc_a3^Hj 

Cj5kj^ ~r "41 (c). c- u Ij ^j L .i.r J I J_a 

. J2u 1 1 1 43 II 0 JI 

435L-*JLj 4—<5^1^-ll. ^uojJI 4_£l_Io 4Jlj ^^Joju — 59 
F x 5j_2JI t ..... -wl (a) U(x)= -x 3 + 2x 2 + 3x 


(4jjlISLaLbOitj - JjVl*b^u4l 


LfcjljJLa tiJlSLLvl 3jJs (La > <jILqo 3 3g31 j5L3jj 

La (a) jL^Ii ^1 yJJ 4 _sVJh! ,U3l 7.0N 
jau L$-*-Sj 43 ^pJI <tc.^_ijjJI La (b) Ax 4 _<Ls 
5 L*_S ( J_oiiJi (_)(J-A (c) . jl_ l-llU 4 o Jl-lC 

oi ; Ll l g 1 L—Sj * n 4j 1 ^ I J1 Jill i 4 *V,?I 1 




1 

\ 

:• .u • f, | 







P62.8 JSLut 


u Jlc q 8.0m LpjL 4_-ULi_La 4i_i_oL^j —63 

jJLLrw^fl J>:Ljl> 3 L] (a) 4 pi si Bjl j4a I a 

0.6 jJb 4 lml -nJ! ^_) ^SL-uLlt /.uVi 

(jVj-j5?l 1 J—jlJ (—Sj < n 4 1 1 <tl.i.»li £j\ iZjL .ul 

n c-j — >ji ^ 131 3j— i m 

(b) 3.0m 3 j— un Ul 4—si >. {j7^~ L^_ia 

4 11< 1 ^ Laj < A ' < r 4liitl i ul | 4 t" ^ i 11 i i , ,i ~v_ | 

(j-LJ (PL^LpLl! i£j lfC t_ rv Vl P-^Lca jl ilrL 

.0.4 j_& Ol.\ *j-> jillj 4_L_ui_coJI 

4_1>* LL ^ic-1 4.1-1 a i ^ys ,J.L.a m 4LL£ ^u.u -64 
. P64.8a 35L«JL) l_<; . *> L aJjL t__ •>■1 


—jJI $1 —>«j aJUSLlj 4-1^1_jJI o. 

% . Uj 43 j1j 4_uijLul 4c. j. 1 a .i 



U> <ltf 

P64.8 JSLs 

£->a 1—4—a 1 Jl Li -uo i jJlC. 4j_>.l—jJI 0-3 —Sjj Iji 

atSJI c£j^3 Ulu (P64.8b JSLii) jl^ 
tj\ cl *.—pi (a) 0 4—jjij jJ— *s\ **4 4—3-1*11 


l±Jj— uj O_sL 4J v a j_o_>. jJj-_i--!j_i 

4oL.iL.;^-i jl ic. ^S4_u ijl . k= 50N/m 

4.j ~ i < \ji LilJj ^ 4-^1 i ii a 

jLl.iL pi 4 .L.~wij uilj—OjjJl 3 J Cl ) 

, l11 j —J-j jJJ Lj J^-*J Ul 4_£j—>41 

D J—3^4-uJl 3-3431 3lj-^->“ 1 

1—£—j— 5 tiojll 4 _Lx3_j jl i_uo 

4_sl_ <_<j_ a (a) _>4 . i l-i < ij. .. 1 '1 a 

^-Lojii wi-lc. IJ 3£JI 4 _£.j-4_u (b) d 4oL*_uOjVl 

LiJJjj i l-> < u i \ a (jJj__LjjJl 4 .j.gt 

(c) jl m. pi 4_x. >.13 32441 clij..>-.4 j l—ajuc. 

4oLi_iiojl j-4oj udj-xjjJI ju D 4-bLmJU 

.J2ul\ UbJLlc. ^pUl 4 lo 3 41j ijJjjjjJl 




P61.8JS^ 

4_^_j>ij_a 0.5kg 4 4~i < 3_33 162 | 

3^-L") Ax 4_bLm_a daJLJajl 4_bS4 1 { ^y^A 

La jlIc .450N/m ^dj-jjjJl c*->L .^P62.8 
/^l c. ~j 4 jL_£ i4-^j ~r 11 33 Jill ^jl IoJ 


f'l—^ B 4 l-i 3i II Ji\ ^jjiLol (jr 3—si ^ U-t-M 

R= 1 .Om l?j Lis t a i<~\ i ijy-u lj (^j^ilj ji ‘ <1 a 

tji .jLolXI ^ IcV 4 ^j-o> 41 j^a4_<_t ijj 

d b = 12.0m/s ^ ^L3J1 jlLi 33J41 4^j_m 





dJdllaJi j JyiUUt 


dz) 


Pivo! 


Pivot 

K 


V- 

\ 


J r 

it 


i a) 


ib} 




J*. 


F66.8 JSLi 

_>- <—S^La i?j, ^ C<.3 if. -67 


4uj_Lj 3jjlj 0^£L11 CjjIj^ .jjvVI i_3jUaJi 
jJlC. 4_g.j-u-u CuL£ Ijl . eJUL_>.| (jjJu 

J_A 1 <>*> Dp ^Rg SjjljJI 4 ■<; 4 

gla^j <^l ^ijpi ^ 1-4 P67.8 J^UL 

y£j-a 0j£3\ j-AJi c"/j re-j Li> Jufl Loj ->J1 


jl*_) ^LuJLl 
L i ^ 11 c- 4 L < 1 A 


»,= V %' 



3^ji J ^ Ja_ 


P67.8JSLi 

• l_s_^Ld 4_LL*_a 2 ^_£ jj j3 

. 4JL)Ij 2>jLJl! 4_jJLJI 42Ua.ll 0_>L£ I j] . 4 j. xoj 1 j 
^LLaJI jJLc. Ua_t_L«vIi j f7.il jjl CJ-ul 
ojj <Jjbu jtj t?4J 4_aLJl JlIc JlLJI ^yz j—1£? 

. olj-4 6 3j5L!i 

pua-jCu 3 j£j L 4J^ls cLl-o*. /^q (jjSLj JjJLLs - 

JU^_5 Ua 1 -LJl p.Ltq^-3 ) i cr“b 

# 

JoLoJI ctLiju (JG <i)l h JL_au l— udj—4 

c^_*^ lit <ul croJil (a). (P69.8 JSLi) 

- Gj- < ■ LgjLi jG^Jt ._j_a_4j;l Lo ^LilJ j^yQ S^£2t 

*1 it-, ,^VI j _ju ^LijjVI jjjj.aj (Jt -5_j _*j 


68 


69 


tj j J- L l J 1 


til <ut c^G? (b) ju^Jl 


ZL£ tit (b) Vj = \l 2gL(l- cos 0) 
_Ut <_. lu _.0 = 35°, L- 120cm 


l$j jGjj (_All 3^-Gil <u^JG) 4_i->.t f.jtt 4 _uIjG->'2! 

< “ 

3^_*_ tM jjj- ^-uu _>Ji ^Jl£. Jo_ 1_3-2 i 

* 1 

h pL^jj 1 ^yQ ciiUJLvi ju 4 —65 

(P65.8 J£ai) LT ^l4 



P56.8 JSLi 

(JJ 1\ h/5 ^LajjI {j-a t-j x 4Jui ut 
. 0 ih 4JVju y ^ 1 1 —n.u^» 1 1 4uv. Lua J 1 

L 4j^L> yh tWjLeu 4_5 _Ljlxj HI i i j& Oj^ —66 
Cjju 1 . (jr^ ^ 4 4 _j_xL_ 4 Jjuj 4-Lauu 

4—IjL 3J) 7l \ (J\ A . J 11 {jy-JJ jl- LM -jJl J-Lj 

IjI (a). P66.8a JSLULLajIj^q 


‘U> 


SL_uil 4^SL!I ct 


^LLjj^I t j^Q l ml 3 4 dj^il 4__JI J-U^J ^LL3 j1 

: ^y-jl Xu^ i 

H- 21 

1 + (mg/ F ) 2 

(j LsJ. < r 4_3 jUuJI 4_IjL-jlII \=x—uz 

:4j^-tjj Zy^ H< 2Zy LqJlI.£: tiiljL^J 0^ H^L 

3^_3j 4. a u>-l—uail 4 _bLL> Vjt ~vl 

^a! jLtZu-oL H 4-qUa L. a.u--vI (b) (4liliJI ^-L^J! 

.F= 14.7N iL= 2.m *m= 2.0kg 4 JUM ^ 2 il 

4 -iAU -vl 4_i_)L_i_uJl 2H (JUrt t JlLc_ILx-uL (c) 


—Ljj! oi^ 6^ 6^2' 0- 4 J-* (d) 
^ <»4 SL (L^ 5 





( ISbulSbit • 3.9^0 ^ 


>L.,u ! j\ J..^. ; 

^3- l g^aJ, 1 4_^Uo 


■ 


Ui 


: ) 


.iUijVl <Ui_4X. ^Lb! (b) (t-L^I »>L! 

La ■ jb^JLi ji)j_L>3 ijy>. jfX, jla 

. 4jbv.j> L^J ^jic X —u ^->.>1 {jr** 

. 80 kg ; sis 4ij£ jji ^)-^>)^\ 

.j^J j~ ^ i.m 1 ^ ^ ^ 1 0 3 .k> 1 _)_-uj 

. P 7 I . 8 JiLi^J Li ^ 4 ^_ik i ft—^ J^y-U-Lo 1 

jSU, ^bii R M iWju h ^U^p\ ^^0 

z }—>Ji i y^o ^Jjuj jjyli—3. 4_Lo ^> -4 J 0* J d.. UU 
. R *jJa£ <. r? v jJS 


71 



P7L8 JSLi 

£_Lu_u Lr ic 5.0 kg ej\ jJLa J_33 — 72 j 

tiJ^aJj J—>-Li —a ^j^iLci Lr £L.2\ 

<__£3^JaJl ■ u.<i.u £-J>- ^,a ^I 

0. lOlTl 4-£>i < n a i_i]^_j_ijJi JaJt i^> >! i3j ♦ O-lILo 

CUlLZj - 4_£j— 2eij ^1 iol ^ftJ <LLoJi 3 /y_o 

6j$j _« J if 1.20m/s LX j!t JG_HJI 4_ C-j _i_*> 

4_)^_^lHJI jij^j J_ui . (jj^_u^iJ 

^Ln.q .1 -^aLa^l 11 jjl 4_ulj o j^C 

jJuL JliJi <LC.J—ljj . \A-jr— 0.3 4j j_3- 1 

.ijJ^JJ^JJ jjtjjVt ^_ft 

ij\ j_L_c ~\~ < -73 f 


100kg .50. kg i—ft-aju— a —c <ji—LU—i Tt 

P73.8 Lft^ l r^J^i cj^° 


^ 7 S3 {0— 90 ) ,j^A 

^jUs - JLi^Jl \~J£>y£j _a 4_LaL_£ 3 j^_) 

. 3L/5 cl J 


P69.8 JSLi 

cjwjLx. —3-^Liuj ^jt 50.kg 1 4 . ~h £ - 70 

4_l^i ^g-1 --. ,A.^4- i ^1 a> 3 ^ 13 4. j 

1 ^ 1 . \ ^yA i )^-k> J.ja.u_> ~ ^*.^,±11 

3^iU ^>333 C-iJ-Lalu uiiij 

>_< 1c <Lj J.^cJL_u_>o — F LfcjijGLa cL_lo_3 1 

L 



P70.8JSLi 

(P70.8 J£Ljj^ [Jf -uAjl\ £-a 0 4_j^lj 
»L= 40.m iF= 1 !0N cD= 50.rn ji ^>1 
i^J IjwU 4x.j_u; i k° (<l) 0-~ 50 






ABlia 

i i|_$ <£<: 11 4 J. 4 . 4.43 f. L-«.tiLo 3^222 i o_jL^ 121 

2jv ^y£Lul i-tSUl ui 1£3L>- *$ I J^U-4 <jl-£ 

j-jJui 1 tij^— 0.25 7z]s*j ,uilj 50kg 

dl^atlu La jJx. 50 kg <J-23J I 4_£p>- 4.9 Uo 
Ljq-^JLu 5-Js l . _. . .J . 1 (jLi L<Jr. (j3) (a)^ 

.20m 



P73.8JS^< 


ANSWERS TO QUICK QUIZZES :I\CJjjuJI Oljlua.21 ryb.1 


2)t . 4 _ij2L>2! {jc. ^_uo^J1 <bLL> ^st 

ol^l! i 4 ■ ■ ■^ ^ E lotal = iim> 2 + mgh 

4jlju JuLc O 3-1211 

2 r^ 4 ai —>21 j —>2 jJ2—<—-2 (1) (4.8) 

4-_u>»jLj>2i 3^_aii .^—>. 5 ?\ ^.i a ar-U (2) ^Bpij 

duL£ !2J . 4-4 j)k < U Cr in ^ a pp »<« J5_u 
13j L_aI 4—rtjjoJi.1 4 _b11> 2)Lb W app >0 

4_bLU11 ^)Lb W <0 d_)L^ 

4 alia 11 l j r ja _U-jVI j .Jt dll22 j jaLj 

: 15.8 4J.}LaJ11 7^4 is\s j 4xpaJLqli 4_2£2! 

A E = W,pp - A£ fn«ion 

= AA + AU 

= [(A I/ + A 2/ MA 1( + A 2 ,)] 

+ [(U, 1/+ U slf + U sf )-{U^ + U Kl , + U s ,)} 

4j_}L*_U oJ~Jt '■ 24 Ijr* 4s 

-f cuKll 4_uljCu5f! 4^LL21 > A 2 i ^b ^_>2 <—*p_p 
4JSJI 4^d! 4^1LJI +(^l 

K,i+K 2i+ U gli+ U g2i+ U si+ W app -/^= 

K | f + K 2f + Ug j f + Ug 2 f+ u sf 


^1 jL_cIL>. 1 4a^_>Jl ^llaxs l_Ll ^jV (1.8) 
CiLul J^>U ^Lua^l 4. la a.) 2)p2J 4 In aj 

4 t-~> A S tt ) n f ^ 1 |[ '*> 1 f I (jL£ 121 . IJ =■ 0 L&j-k. 

4 ajfr.iaJi ft H 4—21 —±m 2)! ^ 

. ^ i u. >21 2)-^ 42 X1 

2)V 4la^L7c_a 4 -jQ^ la ' 14 11 4 jl^li 43 U 0 JI . ^ju (2.8) 

3j_ 9 ) 4 I^i 41—>:_c _9 (jr A dpjptl _oJi 

2)l2j^ is-) 4_o,jjLj>Jl 

2)^. 4_ldL21 4-^Ua (1) ^,uop i 4^LL2 

1 j 4jjol^J1 4 j^jJ.1 4-BLLs (2) 4-ujL>Jl 

(jr^ 

U-^-bj^ jlI^. 4i2Li2tj 2>l2^S2i (3.8) 

^3 y —I Jjl (jyS 4-xaLHI ^>^p2l <.U a ^2 1 a .Lu 
. 4^11 ^1 jJ-ua3 (jy 1 C. ^ dii 2 J-jlj 

^_Ia_9 d^LHi dsl^pJI CjIjL- ,f.n—a 
t_^2H3t^3 ^3^13 £>j£ jJS 2)^ ? 5 
4. 4_ulj_l^l dLil ^.., fc<Jl 

(JM -a_J 1- CjIj- £J1 2)! -^ uiiJ4 

di J—j l _^>V ^paj^kl L^J^aj J. xC. 4 _£.j^ .» »11 
_i_jJ1 ^a. ial > 2 )^j213j^ 4£j_> 2! 4BUa ^ uA/ > 




Cd) 





CjI jl_UU^JI J_d_Lj 

«U j. ^ JJUL 4_ul^_gjl 

CjIjI— a—<aJI ,j_a 

(_£3JI a. ce_IL} dllJj 


cLoI ^-J-i-C, c _ jr 3Jl 

c_*ij_^ ^ jl—ua_ill 


^-ut-3 (jl 4_utj_^JI 3.}Luo^JJ 
<J-*—a-J 4 gj) 3J1 

. L»aL<u <...3 43-33 <jl 4_lU £. 
j \ ci<_jL_^" i3ll 
^ I wi-StlLt-u 1 ULsI 


Linear Momentum and Collisions 

t (Jw-irttl I JLi (j «ita-CJj 

1.9 

Linear Momentum and Its Conservation 

4 <: —»^ 4 j A.tti 2.9 

Impulse and Momentum 

Collisions fol_uaHIt 3.9 

JbU U>1' jSOtaalll 4.9 

Elastic and Inelastic Collisions in One 
Dimension 






1115.9 


Two-Dimensional Collisions 


The Center of Mass 31" ^->11 jj» 6.9 


Motion of a System of Particles 


(t^jl _> .8.9 

(Optional) Rocket Propulsion 





iSLxaUjJJij ISLplSLdi - JjVt zjsxj I) ebppill 

Oj y\S 4_pljJul 4 x )~ljj (^ylc 3^01 ->Q — ajj£ u_j LgJlxX Lc-j_ 3 pLs 

. ^jL>_uiu 3^.0i ^jLoj . cl^pi ^ps 100m 4 J 3 Li_u--q Q^lx 3j jLb a^pJI ^ppL ^piaJL) i^jLu^aJi 4 > -.3'. 
cLia! L^_dx ^pJl 3j) 3 i 1 ■ lo-i-rij^a ^Us 3 ^.jjuA^ 4a_Loj 3p*3 P^Li*- ^pl_j_u_jJI i Jui> <_ <.i_u3SLi 0^0 J ^jl CJaas. j) 

v-j^ aaU (_ 7 ix (J^-2 4j 3 j_oj ^3_p 3p2!i <jpS LuJliUl ^p^oaa O^- 3 ^-' 1 t >L*> * 1 J->. 3j_yp <jpjj ^oLuaaJ! 

Lx-jl_ L±±js jJjl-oJ! _>j 3^_i> y-^ -t-t-u j . cj£. J1 ^jy-lx L^j pjjp ^pJ1 3pLll i?L_>o^/l ^£ jlxaaj jIjlJLU 

• OjSL}\ ^jLxajJ ^yA P^Sl 

3 cj lgjx-£ . Cj l JL_>-V i ulL {Jii-^3 PaL>o^ {j7 £ 3jX.Lxii.il yJb p.^ aJ1 lju^J 4 j..i.ii ^ Vpl u_3ljU4»Vl J_a*- I 

JLrw! (_iU J_£^ <yJb<y 4jJ^_j>. <UL>* ^1 m.-Q < nu^a ( _ r 3 ljuua 4_$j_>Jl 4. t A S ljU—O JjxJX.u 

3p x v i tr^“ P 1 ^ P^ pj« <» i _ r i^- .pp_u (2r^l j3 p ixji-uu yjJb^ Ij 4. 3 L >J. i (JjLt-upl 

■Jl£.Lui> 3 plo ~ 4_laO 1 (jr S (J^l Lap .i^xJtlll (_p3jl pix 1 —^ L 3 Laa J^lX 3yy .i £ 4J 4£j_=kJI 4a_<^ ,jl Pj 33 

y ~t *S I (,<f >U 1 4Xj-m L^° J * ^1 4 "< C.y-j-u 0*J L_^ l«ij 4J 4_^^_>J i 4—l a^A 1 i^L^JlII 

1 JU_>a L)_i^_oj . 4_c.jm_u31 ^y£ 4 l“tSJi lj y-L^3 (Jaxolrt-j <*-£j-xj 4^^_>JI 4.laS (j I 4a2_p_>- ^j-^ 0 tiLIj i . 4LsLLoj 

4oxdL_L. jj^jLaJ! 144 4_j <^4)I j. ,4£^a>J! 4 £ ■ Li ~v- <■ Li n,~>> 4£^_>Jl 4a_^ 

pli i u . ^c-jjl^.i^il' ^^LLa-il 4_io/ljJ l£AJjl$j ^L»_u_^'^i ^ jLxr>) (jf-A ^^pil jJ^LPJll P>al. t Ttil J_Ic 

^L»_u->-Vl 4a i Jl^c_L_u^ Vl 4_>sj) Li 1 1 413*01 ^^^0 a a ijJJjL^ 

. 4ltQl j^J-A JuX IxjaxS^S Jj>-1 J ^-xuJV. 4£^fcJ 

jh^ t^S>^Jl2Lc»S \ 1.9 

LINEAR MOMENTUM AND ITS CONSERVATION 


<>^-sij_i} 4 ]n i nl^j Ixjm_i_luij ^pP-jV ^pll 3 J 3 «ll CjVL>J I ( j r ^> *j £jl3jL-oJ 1 ^-LuxiaJl LL*_ojJi 

«S 

i-flij (2.5 4 JjU 1) JF ~ 3j^^aJl ^C. 51-j 1 ^ i_3Aarta ^jlaJl 4a^al_3i 3j 4.ufl) /p^_u ^ Jl3c3_< h 1 J_3i 

pu 4_i_o(jjJ 3jj) <<Ot <3JLA jj^pLpxjl ^) . 3jJL*-4 JlsVL^. ( _ r lc ^tv> P^_i-u5fl <jr A 3jj) un 11 
^jaa (j^OLai LJLi. iCj^laOl (3JLA pitas 4_i_utjJ JLX ^--5J ^P>- 4_JjjJI CJ->*-l CjLo- U -a- 0 1 jjas L Jj 

^jJlj Ja J_>. ^5LLxx-ol (xaj>.» 7u IJ. .t-i-ii/ . 4_T^j>-jv ^.j-t-u-O i (jx P-Luil ^j3i 11 i_3^jo P 1 3^ 4 ^ i 

. CjLojU U <3 JX 


V 4Cj x uj uii^ataa //? 4 a i a - £' ^_i_ua>J 4_pA^Jt 

. 4x^_tiJ 1 4laO 1 P-L£D U* L^a! ^P-X 

P =m\ (1.9) 


j<uu>J 4^LiOl 4£ja>Jt 4aap L-HJyJLi 


.V 4_^j5taaa 4_t a^J m 4a_ 1 a L^ 4 a.<y5> x^_ua P_l^Lv. L^j5j’ 4_ui)La>ol 4_i ^^aii 4 jLrt -Q! 4^j^>Jl 4 x<s5 

.kg*m/s SI ^ILiiIl Lpija>.jj ML/T L&jbulj v p^L ^lx L^Lsal 6.2 


( 332 ) 




(jm) 


^ .TU A j ^_>Cw I 

Cj^jLl^ ( 1 .9) 4j^l*I.I CjLSj-o 0^45 p J j_j£4 i^^LuiJ «L>J ( _ r 3 dJjjxjj fti: u->JI I jl 


jLSjJLI 


P x = mv v 


P v = wu y P. = »?i>_ 


(2.9) 


bc_UC. 4 n j 3 nj 1 ^ 41 j 11 ^L.tL>»Vt (jr^ vhhf^ 1 *^>>31 4_Lxi£" Ij^-ua ^ In »j . d^-n-Mu 

10m/s 4-C.j^-u J ,^j. jl^ d^SJ 4^jsJ>Ji 4 _a_^ ^jl.3 <JbcU Q ^ u u - u t _ r ic . 4x.^- ^ .uJl jjjulJ Igj 

( 3 ^°^ .4_C.^_tuji llrt ) L^j Lo Jwlil ^y- t uOj^ l ^.<j j - " j 1 4..U^f> (j^S 03^ 

4.^,3 L^c L3Lu LLuoj ullj 3 ^ Ujj .Quantity of motion '' 4 i^JI jl j_I*' mv J_uaU. 

, 4 £^Jt lt Ia 3 4 -uLuV 4 ^J£ ^ 33ji>.u 4 j<h.m! 1 _$ . Momentum 4 £j^J 1 4 _u^ LJU- 


S 4_U^£" jtjJLa cUjUuq , 4£^_>JI 43 bio ^j-uud LcugJ ,jl o * »y 

. 4-»l>.^U 4_j3l^>tc. oLsjJjtlt (d) P | > P^ (c) Pj = P 2 (b) P| < P 2 (a) 

4 \ 1 s\ ndtl 3j_^JL> ^_u_u_>J 4 j In -%JI 4 _£j_>JI 4_l.^.^ Jojj bi uS bgj 4^u*JU ^liJl [jfj _^-u ^i Jl3*ILi_u bs 

p 1 »>J \ ijr^ ^jJj ( j y IUi 4-J5Jt 3^J 1 (^Lmu ^ m^t 4.jtr»->Jl 4 £j_>JJ 4 u-o£ ^ul J ^y-ajJ ( Jjmlt * 4_iic. ju 


3£>j^eJL! ^^,-jliII jj4^_u ^j_ajl3 


E F = 


c/p d(m\) 


(3.9) 


J/ dt 

4_t-ut^jJ 3.9 4 J 3 UII ^ 1 -lor ~ i x a 1 Lu^-co £-A 4_c^_<_uil 4otIL<5 tgj4 ^_m_u ^ylulI ^Luo^^AJ 43 Ll^VLi 
4jI dflia-s . a 4_t^il^jJJ 4t 1 ! „ c£s (3.9) 4J J L*..4-U 4_ui_LSj>Ji 4 ^ j. gin > . 4-io^Jt 1 g l°i ^31 ^_A>lj)lntl 

j_lLJL . 4Ju13 (jj& *■ “4_£^>JI 4_x_^ <3^3 \j^.m x «1 ^i tin- 3 ^ 33 X 1 4_ J S31 3^3Ji ^j^- 5 bojJx. 

. 4in^3_5e^« p (ji utU3 P ^F~0 03^ O' JlXJu-> . ^ *>dl Lsolc. 4313 

4.l^^ da-3 n- 3)^^ J. 3 »tl 4 £j_>J 1 Qn- \ju. a a 4_3liail «ia_3n- (j^b^ j-L-3_j 

. o Jl 3 ♦ ft 4^»>J1 ^yi 1 ^!^_»l 4_i_ul^3 da_«_u_i_) 4£^-r>dt 

^ U3^-b j ctaiL>r 

Conservation of Momentum For A Two- Particle System 


i in -t nd. 1 < la t «<^11 ^yC. ^yf^ysui 1 ^g 'i\ I j3l3 l a -g ^_u 2 ^ 1 L>3j3_3l 

ild *a_o-jliw ^^3 V c i>^Jj jj>^ 2 ur^- v *(I-9 J^) ^,2 

JliU Q l ju.u ^ir.) I ^-t-o-ndl ^y 3 4 _aL>.!J 3^3 C-ij51 tij ♦ 4>i_uljjJI &JJt> uji^i Cxibtil ^Ip^-U j3 i da_n.^bj 


1 I 1^$ — JL.t-i L<v-l 3 ^xtd i U-gJ 4 1 In -si \ 4^j_>U( 4 kx> 4^_>JI 4 x4^ ^bn-M-inx^Vl tju^ (jy£ * 

.4_uljjJkJl 4^^>JI £-a d^btHJl Jug- 4-i^tjJl 4^->Jt 4 -la^ ^M-Ia-i^oVt ^JUtIL-u_i 


t iSLc^Uu Jjlj ISLalSLfcll - ^.UJ-uaJl 






p_, - W .* V ’•* 

£ 4-Lt—t-^Q 4_t»_>J 1.9 t^5La < 


4—1_^ £a p [ — ftl | V | (jy-A 1 ^u.*i **-.11 —>J I 

~>» V . p2= Wl 2 v 2 ^ in •> 1 f 4_^2__>Jf 

4_J£3I 4 , o < .Fj 2 = -F 2 | o’ 

i _ 7 JfcL_^oVl — LJiJ Plot ^ *1^ 

P.+ P9 


4_t_Lvij 3^ ^^yilaJLi tiJlj-A (jJ^ULUi i2 ^ i.U_>Jl {^yLl (4_AjjL>JI 3^3 

/twL ^j j3Jj — ^L>jV! j! jlaU i nl —fiLuli 

. 1 ^ 4-iL>J 1 j^yix. 2 

i ^u-uj^cU 4^2~>21 4i^ £ C-ul£^ t4-Lut a 41^->J 4jl 

tlP-H- 1 UJ- 1 ^ l 5- ‘ 4 q ~ < . 1 • P2 C7-* ^ P] ^ 

'. 4_>l3^ Lt ^C A \ Q\_<1.<. Ujvj 1 ^^0 

F 2I = and F l2 = ^ 

21 dt 12 dt 

^<U-u_>Jl C. 2 ^.4xi >J1 L$J j £I 3^. 3.11 (jy-A ^21 

. 2 ^ 4 xi _>J 1 ^^y-Lc. 1 /q-cu —>21 l —$j j £^_i ^jy3iI 3jfr 3 11 F|2 J 1 

Jj(_3J1 Jjj J-*_3JI (j^ 3 £_$J l 4 ^ »t <jyl^ Cjlill (j^jLB (O-^ 

:3j^juaJl elo^aiJI lji_A 4 -jLTx^ djSL^ a F 12-“ F 21 


dp 

dt 


L + d h 


F21 + F 12 - 0 

d 


(p, +p 2 ) = 0 


J 1 


dt dt 

4 _ia-£ (jl gJi m x 11 i LuI_B / ^ ^lj> < 1 1 ^ ^^Lcuj P[q|— P] + P 7 4 iKU 4 -^^XI 4 i I ( Jjuol rt"U (jl Caaj>. 

-4jjIj (JliaJ (jt 4 a j fc. . a U 4 jK It 4£^>J! 


tot 


= 2 ! P = Pi + P 2 = constant 

system 


( 4 . 9 ) 

liiii JjLlj 


Pi, + P 2l = P,/+P 2/ ( 5 . 9 ) 

<•12*1 4^o_>JI a-la£^ p lTu - j L^iJl L oJt f* 2 f 3 Pj / t{ji3_j_}| jCuVI q 13^ all La_& P 2 / 3 Pj / 

o’ 3j^-a-£3 lJ7 ^ 5.9 4_Jjl_*J,l . JjLiJlli o^udll 1—>- ijT 3JI 4-j_L«3jJI 3 jm-oJ1 

. Ls)wi>- Z *y iX cjLs>L>uVI ijr 5 4^o_>JI 

2 r„ = 2 r Sx 2 p iy = X P h 2 p„ = 2 P fz (6-») 

system system system system system system 

^L-o3.VI O- 4 45Jx. ^ir. L^x-U-La3 o^-cj 4Sj->J1 4-t.^S vlrix,>• o>^L3j 4_5o>* 2’J 4xe_£uJi 4 JlA 

~ ^ 

: Li^ L^3 j13$ o^Lcjj ISojL^LjJU ouljill ^a1 o- 4 3Jl>.Ij ojuuijj 4Jjo_a_ 4 4^^1aJU 

4-^^l^j^U 4 _jK! i 41 0 ’ (1^ '■»■>• jtJ JjLlLo CjJixtJ Lq jJx. 

. 43jIj JiiJ 

t —1 1 u-t°i j^St — Jju ’uo-l^ . j4iii U 4 J 4j,la.~>iil 4 ^ 2 -^’ 4_t-4^ 4^^^’ 4_i^ qLn.V 2^ t^>Vl 1 _L4> ^5 ^ 1 ^ 

.4jjl2^jJi 4^2_>J1 £_^j J^cU^I! JLic- 4^2^51 4_^o^ J L xIu-iU 


(g) 



^ ttu I (Jk^rttl 


(el) 


4^_>J! 4j_o£ '■In.i.-v 


(J£ ^yB 4jjj—*—a 4 -Qj)IX jX 4- j - l S J ) 4_5j^>Jt 4 _«-<t *> Ji (j^jLdil I JL_A Li £t_uo_^j 

.. 4_u(aHjVt 4Sj->Ji 4 - l qS 4_La_>J 


»^t T u J l .4—4jlo.U 1 ^l_/.n o-Vl (jric JMJ_J <_yjJl —Jo (j£. ^1 LxjI Joj>-V 

. 4_^io lq..U 4_JoJj jjl jjj-iLili ljui> 4 11 lo~b (_£jJI JLp-^JI 


1 


* 1 


j loJ j n C-ulj t4_J_s_a_>3 4_c.^_i_uJ (Jj-xu-o-u-J 1 OjS liJJ 4-uJL.Jl 4_u^_jJI ^jjjjJ—a L-klxZ \ 
. (J^_l^u_a_J i jJllLol 'bj. i~nC 4j_Jo bj^Li lilBJuu 4 _jjIj 


4_j_o^ q-ug -J (b) 3j^il 3il c>j£ 4C.JOJ (<i) ♦ C-t-h j^S 13] 4 j. tloll e-tjjJ ujJI bj£ JoliLjJ i cfliSLoj jJji> 

. 3^£JI JoLiJI da > (j>i i_i_*_uoVI ^yjl (J^-cuVI <j-o CjIjLiHo-V! oJJt t__oj . 4^o*JI 4bLIo o (c) 4^^>J| 


uIjIj j hVi 1.9 JtiU 


& 






A4-li - 


jJ-c—*JU £-1 B jJI^ <■ a- Ji- ~i—£1 

1 £.0 #t >3 <jl<; LaJLu 4 j 1 it-jV ^iSL^_w 
r S '- Lj-Seoj Ju UB 4 jUo_>. o^-*i ljr ^ 

4 t j a j.u i _ r fi 4_o-j^JL-^U 4 .2 Lojjl < 3 isi~i Lo i _- r !i 

t_-*oL>JI (_yJ| j Jloj (_J-L^>~ j IX "l (J . ^LjLO_JJ| 

1 ^fL^uh . i>jjlBJlj <jl 4jjLcj O^ 5 JjUU 

jJo-JoIB OjjJlnLuU Vi (JjtJL! l^4& Lr^ - 

. bI t's\ U ^LooVi 4 i a j n ,*_3 Ju i_1>LaI_>oVI JL_>. f 1 ^ 4JLBj 4_<-aj3H« Lr^! 

.cdij ^c. 4 j>oLl!I 4Hc.^>-*-u 


2.9 JSL<i 


j^2j 70 kg 4 _jJqj^ y.Liio_aJI jJIj (ji Llcj . gJillx 11 4jj 2i * U CjLuj_^_itItJI * .it 1 Jlj_> <cWi 

^LokjI X i <->.J_U ^LooVl (jl i^ysjbul J 4j^^_oJJ . 20 m/s 4x^- m J 1 kg 

(j^SLu g-Li.^onil 4 jLu2_cuJ x (jl llUJ^ (^lo^iu Lic.j .(2.9 (_^ojV-1I 

g.1 j ua <JI jJlj ( jr Lc (_yjJl j 4 j ^jVl 4_ujl_>JI 3^3 c_u. j «J. »>> 3!1 Jolj (j-o 4_^aj)in■<11 

3^Ja) 3 j__4JI 6jLJb 4-J^_Iu dJUj •4Jj3- JL ^ 5 a _11 4_^Jo_Jll .(jljJl $. \ .us-i .311 4_u_j— I-U& (jjxjV-ilj 

3j_>. j£jV JC tfLool 4 _j_jLj 4_^_>JI 4_i.^fv -ji-B Iju^J .4^0^1X2,11 4 <j^£- Lj^ j ) ^ (4_ujL>Ji 

.i?L>oVI I JJt (_yB 4 _^-jL>- 

(jl_2 IjL^] m 2 V 2 i = 0) lj-i-uo (juuVJ.1 4_oj)lX toll 4 i K11 4^^>Ji 4 j <i^ 




. (ill | V J r 4- in- ) \ 1 f= 0) Lt Aj 1 1 ^-uJ^'Lli uBAB -LAJ 4 ^j>Ji 4_UlS> j 

i 

j 

L ^ic. J^./au Vj j- J^JI^ /7? 9 =lkg o v ? ^=20i m/s , mj=70 kg 

frL^JI jAi^J 

v, ,■ = - —■=• v,, = -f -■— ° - j(20i m/s) = -0.31 m/s 

W /ii, 7 170 kg j 

4.$^*. ^L^ul ^..uSLc. <<—BJloJI _X_*_s jLwu~_Ji i?Lj>o <jJij-ZeSu g I i hi a. J i J-jlj <M 4_JL'_uJi OjLLu'^l ^j 

4_c.^Lu_u^ ( ^)-u-i3'kI3 4-ilL^ j—i ^i JuljJ! 4_llL^ Ca.> . cJllil 1 ti - 1 Ls <~XU.}j c^uMli 

. ( jji_iM-U 4_C.jy_i.uJ f\A i<jBt 4lic.j_<_u ^^JLtJLjJ 


^LaJl K° ^ujj^^Lm2u\ 2.9 JO* 


ol ^ ud -* J1 (JjI.» nil K (koan) <»> 4_jjjJJi ^.Lrr t ^.VS £ljj? ju>.t j.la xiLj 

.3.9 tJSLXL L o j-^q j_A 1 xi 9 ~4 r*£LlI ^jmJu [ ^ J 0^3 4 «->• .jj l L<LllI 4e->a ( Jt j JC + ) XIiUj-j-j ijr ii_i_i±j 

jij_4i.l (J Liu jL ou T l-c 4_$j^>. ^T u - q f > 1 ^ ^ 1 ^jLj-t- J 1 (j! C^_u! <^oVi (Jjl LtfiLuu K. O^J^i 

. i>L>«_>Vi ^jl3j)LLalj-4j 


^lllji JSLL3L K° ii-S.il 4->L£ L>^f J <j^^ 
K° -*• rc + + n~ 


c-JLi-uJI (jj- L aii 4 £j->JI 4_i>a_ < £ P L>^3 4_c4 ^ i>jr A P^ L)1 LuAsjUbI 131 

: juj t J1 ^yA 4jj£J«,t 4x. 4 u_jL^_xJ! 4fi I 4 _ u^ C)\-^ ^ 


K u 



Before 
<ltv;«y 
(:« rest l 


P 


o 



Alter <tooiy 


P / = P + + p 

tjpi t^l < <,i n tVl L)^ K (ji 

0? P ; = P f — 0 4^J_>\Ji 4_L4^ i^i 4 'V>J *L> . P^- — 0 

P + 4 P = 0 


p + =-p- jt 


j-u 4JLv {jr 3 K i ii a j-i 3.9 J SJS, 

. 4_IrtLuJ! ^ 4iHaL>i (^_ij_u ^1 LAI 4.L 
4^^>. ^ jJ l±a 2L} ^ A « .) ,\c. (j) J, »~i jua ^LjojJI 

^jLjj L -t ^t j. aj jljiJLU tjy 3 ^LAj^L.u.I^o 

.^UAVt 


^"i -w 4jl ( _ r ^s> 4Jl ;all fliuSi ?.ijj Ah° ct —°WJI 4 U.3 L I 1 

LoU-t cJtlLitJ £-A JcLtH ^Lj-ylJ! (jlj 

14JL1 .<L1—0 1 tail L)l-^ jJLxll i-ilL 

. 4 JjjjJL I 4^0J 1 a ll i 4_L> J^L3e-4 4£j^>J I 4-L4^ 




A jka'VU 4 ^\ wmT 1 


(^337) 


IMPULSE AND MOMENTUM 2£y>J\ 2u*£j \ 2.9 


4-j..q.^ ( ^ r i3 1 . 3^.0 4 .jJLc, ^jjJj boJLic. j-jul-O ^^_>J 4_£^_>J 1 4_j-q^ (jpS 1 a 

. JSLJLl jjI ^^0 JlC,LoU 3jiill j-ul3 4 ^jLJ 1 4^j^>Jl 

4Ju4> ;jlj ^ 4-u.^v (jT ic. j3jp F Sj^jLo 5^0 ^j! ^y^jIuLJ Lc,J IjUfc ^jC. J J "V- ^4^ ^1 

jf F= dp/rf/ ^lii! j^J^_U LllL . J _4 J -Ut3j Jl 3 3^3]I 

dp = ¥ dr (7.9) 

3j3l0 3 ds 4-tic. j3jj La Jlic ^u-u_>Ji 4£j_>. 4_ui^ ^0 j_ljl 1I! (_jLtu_>J 4jjL*_U 0 J~& 

4]j>mi t _|>3l^3 (jl0 tr jJc. P r ^J] t- jJc. Py ^_t*Iu ^-< <i->JI 4^^*. 4_p ^ Cj-jI^ Ijj . 4_u_cj 

: c>-7.9 

Ap = P/ ~ P, = // F ^t (8.9) 

SJjiLjlU aju& ^_yA uiS^JciJl ^ A * *|J • £-* 3j) 3li j. 1 t ~Li (. 4_3j_Jt_0 l JjqISJaJ! 

4jfc3iLj .A t — t^ — t- 4_j_LojJl 3jH3il <J}L». ^ yic, Jj (jr lli Impulse 3^-31! 

Sjh^l = f t > F dt = Ap ( 9 - 9 ^ 

4 j < 1 ^ J..J «7ll Liiij *<!■>. cr^" 3^3]i 

.3^3J1 q£. ^3LJ! ^ t.«. < >Jl 


4^j>Jl 4 jla£ — £_0 jJI 4j^j^j 


l_3jj-*_ 111 I Jufe (jjz ^^1^0 4 1 ~^4i itl 4jpaJL i eJij^jus 1 JJfc 

^Jt> Ls_^ ?-A 3j_3j! j_jJtJ ^'irxr.'t a Cjl^j 4jvL_oX! gjLu L^jtjtC-o 4 4 jelt /Q 4g 4 ^ j^jJI (j! ^gj-3 

1^, 3 j^-> 4 jaLc 3jj^ 3J.3JI ^_tjLaj jjl ijufc ( J7 _a .4.93. JSLjJI 

jj| V »4_^^>Jl 4 g .«£ ur^ ^ ~ ^L>oi 4 1 u 3"i ^^jJi 4_3cJL4 ^>L>ol ♦ At — /y — tj 4_u_ajJ 1 3jJLnil 

(ji yu LojJc. ! J 4 ] . ^_<-u_>JI 4^^>. 4_jx^ ^_tAJ 4^>-jjJ ^Lti a yJti ^ i.u-y -11 4j_i^LL /__wa-}J 

^y/ii-^-11 4^j>- CxlAHjl Jl£ 4j! t-AJju ^yjju lx£4 Inr. t 

! ^ 

S^SJI Jaxuj-ILa <_a^_*_j (jl jaJ^UI £yi-2 ij^ajJI j-a 5-aLc. 5jj-isu _^jJLjj LxSJ ^l~i 11 ( _ 7 lJI jl 

:4^>1*JLj Time Averaged Force ^^i! 2^xUL) 

1 


F = —f f Fdt 
A/ J '- 


(10.9) 


4_i i.Li ;1L ^psL^CliJl Li-i^_>.l C^-t-rv- 7 l_4 A-a ciiij 4 t-xuljjj ^^3JI Lul % 

.U_^3JI <5J^J Jjjuil ^j-it. jjl c_}LtoJ 

4_>JLi^5 0,$"^ 4-t-a^ —Aj^Joj 7)1-0 ^.^^_->Jt ^£b AAj. 4;.<a ^j{ Lixo^JlsI Lul ^-C^JLj ♦♦ 

.9.9 4.1.51*1,1 / F ,‘vu VJa y.F d«^ t 'yA >i^l >jL L.lic 




ISLulSLii - 





4 la.» t>jJll 1 4-^ j a ! 1 4_q 1-vO qj iln" !jui>) A/ — t ^ 

(9.9) <]jLlU 4_sLi£ (,J_di52illo ArJi v_11 t-u-~>- 


h FA/ 


-I ^ (4.9b) JSLAJL ; 


(11.9) 

LLa 



^4 lOril U ^_3jJi £-A <«i.i II --V ^yir. 

{J Ise I .a CU^kj <La.LmXt ^ 3jL_ui F 

4_i_La^JI 3^!i4Ji (b) °3 ^■" > 4 *^ 

(^>3j-iJ 4__j_,_gj J l_> 4 «tQ "4 A t^y Ift.JU A / 

^_3jull i jauu (^JaJLltll ^ 3 flV J^JkJI) 
(jjjs <?IF> tUj j>.-j-Jt.:, j 4_i_li*j 

• (<*) *3^' 


4—1 4—o 1AJ I 11 l^j I ^yLr. 4—14 nil l_5 £> Q.aI 1 >.lo < nQ-J-A 

4_ilo »"i ^£jjl { j^2-i A/ 4_j_Lo)JI ^o-LaJI ijyjQ ^lm->J *3 o' 

<1>1!JI 3^_4jt L$jLi) 3 I ♦ 3p "< flit j^u^U o^a^i £_<* Cj^ljlIa 

^AJl {j^ i _4_ uj A/ 4 - j . Lo j ^.s ^ * 4iI i ^3Ji 

'3j t3jL£-l 4*4 . (^ ~i dll q 44 a.) 3j j » "i ^a 5^3 4 __a_Lulj 

jjSjJI i_>t; ti >> ij^<i-i 4jL^ o^)J1 (Jr 3 4ilj^ A£>jsljq F C^->l5i 
.43 jIj 3^3J! c-4-jIS 13) (J^ui j_u£>^jl ^ )^L±+m j«lLJLj .9.9 4JjL*J, 1 
1 1.9 4jjsl_*JU t? i is^i $ F = F 4JUJI &JJb ^3 


I = FA/ 


(12.9) 


i_uj 4_uLjq ^ nil Cj^L^JI ^_x2 j..l!Us ^ySi 


^ Ui^ <■ 


5^ o' *+*-3 Impulse approximation j-ajlJI ^jujJlu 

J-S\ \-£jSJ& £>jjjuAZ ^u> Cr^- >3^3 1 4_cjj-4 

J^Uail wLul t_u^_33Jl 1 Jui> Jl j 4 ; . ^i! ^4 

. Impulsive Force <c*_al3 L 44 I 3^3J1 i yz. (JLoj 1 j-ic . I jo- 3 ^_ul<^> 

L^j ^IlJl 3^_3il >In 1 ityZ-4$ 0.01 S yij. A<aJLl a ^ «lH 11 ^jLjuaa ^jUlJl! 4 .u 

Ij-jA^ o-^l 3^_3J1 i? JuS> o' . 013t ^yA 3JlX. 3y n 11 <>Jl Jt { j T Bi 1 ^.Ic. c-j^ xiaXl 

^ J^t_3-i_aJ Lcj_ul . U_Q 4>1 Uj O^ 0 OJ3 1—40. :.4J j^y 4<_>3L^-3Ji Ceps jl J_A>3 

^J)Li-^_jil J_AJ 0 4^J_>J1 l 3 J 4 ^ ^l^lll Cr I^ O^-^? P f *P j o' o' ^3*1 {J-A 3 ~) 11 1 j^> 

^ 4 (1 ->J1 o' q^»q3a} Lljl* i_uj . 3 j ^1 jiit .1i.ul 4 j ,jS~aa ,^3 4j)_5 laSL^j .3 j^lLj-43 

. wile. ^-d_3 


O-4-i L-tl 1 <c . 2 ^_4 _i 4_>2 1 4 fa ^ o-^ Q - 1 ^ I 1 ^ 4 ,Uw>21 4.1. q.4.lLo I 7t_k^ ^yle oq^v, 1 (i 01^ < 

Cjjj !j 1 ^-a_>2! o^. 3 q a!1 ^Ljlj] Lijjj Jju . cl 4^41 ^,«tl ^jLco3j 43l_4 1 ^ 4 41 ->Jl oie ^J) ^ > 

C_J^L_>tIl ^wi-A 0>3 ^| 4 d 4 si LJjJ.1 O 44.3 X 1 2 ^JwU >*J1 ^qL.. 4.4I-> 4 ~>vi wiie. .2 ^ 4 <1 . "><J1 le 

• ^>^2(0 AT^^Ce) ^J<^ 2 ( d ) P\>Pi^) P,= P 2 (b) 


(338) 



Jtj AulaStJi 4*■"—»:£auUUt 


3.9 JLU 

^-Lc. t. ij .,<«b 11 Lg_> Jj i 3juijI »Iu .(5.9 j ; 5jwubu« 4Uui!50g L^xLfC l^lI jsy cLs j_£ 

^J] (ojiJL ^i jlL^./qVI j 4^x2 jjy. i^i.^l ^^_tl<L_i-a L^-u_u_d5La tj^ 3^52! 

(J i { j f ^jJs\ . La 3--U3J 3^_3Ji ^^yOJ^-La 4.9 jjSLxaJi ^.aasjJ ♦ u-)j-a^xlI 3j5Ul Lii^aJ 1 4 jJx. j. 3 <^11 

. ^oLuaail ^yC. ^aUli £J2JlI! j/i JuLc .- ax>- 1 i IjILa 200 TT1 4_sL_u_/: £u 3^52! 

»l 4 oj1 4—Llj>J ^ji (^B)j 3j^Jl £*C> L-J^ <>> <11 (J-u^o^Lj (Jjl 4_^>J ^jj (^A) ^ Jl3=c_j_*_u_) Lxi^.J 

^J L q. a L . ^Ic. L^ln^aA 4Ia->J ^yj] 5 -^h 5 LajL*_o> 4 (jr lc. 3^521 4jI Iju* 

<ULi_l3JI ^Ju< 3 «—jL-ij->J (14.4) 4 JjUU ^ 1 jL2eSu.ii 1 ^SLaa *.!^J1 4 _xsjLLo 

2 

/? = x c = ? —sin 20 B 

4_c.j__oj 0^15” L<5_^_4 ^Jua ^ 3\ ^,-L*-i ^^aJl 4joljjl t 0g — ^ u3Jl_3JI 4j^1j { (j&j-OJ LuiJ 

:^jb 3^£21 <_2&ji3JI 4x.j_£_«j sin 20g— 1 ij i I ja ^ . c-SJuLl! 

u B = -Jpg = a/( 200 m)(9.80 m/s 2 ) = 44 m/s 

Dj= Ug 3 Dp D A = 0 ^J>Lu*_lij 3L-xaa^tj Jy\ 

$jt> 3j£2J jAjJi jl juLa p c j_>o i^j5Ll] 

I = AP= mD B - nru A = (50 x 10“ 3 kg) (44m/s) - 0 
= 2.2 kg- m/s 

<4.5 X 10 ^ S 3j£J1j t—i^a^a-11 ^u-45Li PjJlA OxjL^ Li! 4^ 

. 3^S2 1 ‘—l^aiaJ. I I^J jj yi ^^yo) I 3I j 1 JlB>3 <2t> <.o ^la 1 

ujj j- 4 *LjL-34L Ij^w 4_aJLc. 4 .ojjt 4.9 X 10 3 N iAjIjvV! 

.0.49 N 3^2! 


Cb) 


■J ^ i ^a4> Lc . 4 xgaajJl daLflai! 4_jjiJ L-*Jijl i4a i£.j iJIjiJlC. ^jl5 I jj 
^1 4.j <& 4a3uJ JoLBaJV Li!J u 4_3jj2o 

.^p-uSlu (JJJ ^-3a<aJi 



5.9 JS^ 

eili aj>J1 0j£> (_3 



I S L u iSLtXi - 


SljI Ju-ait 4 -j-^aI U 4.9 JUU 


.9.6 9,£Loi 1 Ls ^-uo^-a jji> 4^x3L>. £_a 1500 k^ 1 ^iIn^ 3jLu_u ^oLunij jl_ti<_>.! {jr ^ 

. v^ = 2.6i m/s i\~ -15 i m/s Ua ^t^Ui 4 x. j^J I 15] 

.3jLu.^Ji ^yl^. ^ 3 JI 03 -aJl '• 1^'^ jp^y (j£- ^_ 3 L_li 1 1 t^L>- 1 . 1.50s J$j i~i,l,u) ^jL£ 

^u \£j— ^>3JL> 4_jjL3_4 qj-jl-l ^ Q) Ll. i ,uJi ^yic, 2 a3L>J1 L^j jbJj I 3^_3Ji ^ji 

^3jj i _ 7 3i! BjJiilj 4_u3L>J! 3^9 /){ ;lo^56 j Lbl <_dJ3 j!j&$\ .^jajdl <,_a ^-35 ^! j*z*Su.jj 1 

. 4_ui9Vi <Lu^ 4j£jj* ^lc 5f a $L>jt LT kl jjljJuoLtlLo 3jlxcuJl ^.Lc. (j^-Lxll L&£J 

: L 5 -& 3jLu_uij 4_uL^jJl^ 4_ul JuuVI 4^^>J1 Li - u ^ 

P ; = mv f = (1500 kg)(-l. Oi m/s)= -2.25 X 10 4 i kg- m/s 
Pj = mvj = (1500 kg)(2.6i m/s)- 0.39 x 10 4 i kg- m/s 

I = AP= P f P ( -0.39 x 10 4 i kg. m/s- (-2.25 x 10 4 i kg.m/s) 

= 2.64 x 10 4 i kg. m/s 

1 3^} L.U.u.1 i (_^3J 1 Gy G 11 <■ Ir~l < « i^-LA 


Ap 2.64 x 10 4 ikg-m/s 
A/ “ 0.150 s 


= 1.76 x 10 5 i N 


-15.0 m/s 



2.00 m/s 


j-i±r, (a) 6.9 JSOS 

3jL a-uJ 1 <4_5)j_>. 4. ,i /i S 

l—4 jtL_t.ru 

jl w>.i (b) 
t_«lr. t <Jj) jfc.Ti ^"Jl 
4_$^> 4_^Uo 
ljy £ ^jbb L ^oJ 4_4 LLd ^J] 
. c_3^43l 


(b) # (a) 

Jl^Jj jJlj (l7lg~ 1 .47 X 10 4 N) Qj\ 4-o.u]t (jjj *->3 4_jjLiU_) 1 Jo- J-£-& 3^3]I iJjui) jl JiJLa jjl 

l-il—4 .£L>wlVl ^j-o 1 di Lc.^. I oljLIui j ^ La J ( 3 l5 4-1 L«-aJ.I i>Jui t-4 . ^jI-<- til 1 1 ' • 4 

U 4 ] <Lcj_cxJ!j 5 L^ c^jL^ Lc 131 oLa^Lj^J! ^lc. (. 3unj 

.3jUV! 










au&\$ Ajf-rtyxJ t 4 :£u/CJl 


CED 


65 

& 6.6 


m, 


(a) 


_ 

(b) £_£jJl (a) da £y6 4_u!BjLxu^J! I Jut rt U tBjl.t j ujl ^JjL j {_yA Jjj L-^Jj 

. ^jLuuJI s-LSi ^oLaVl JUtiLU A ij^ C^ AjjjJU 3juJi < ]n t >< 3 X 0 

COLLISIONS foL*2l 

^ jL-uaj JU£. OJUtu L« (. {i juaj y* 4u. <; ^ <■ -v ^Juit-j-<-aj i.* ju>JI I Jui> ^3 

Lq^jUXAJ yC (jLt^jL&$ C_J J^_>J I ^jiLo-J ^jLlUXJ ^J-iduU L_h j-i-u .(^-4 

{£\ y> \jyS oJ Jt> (jl { jy>y'i aii.ii . 4jt_sl J ^^IL) \ a^uzju iy*3 Q ^>3uJ 

. 4-u>jl3> 

sf £ 

xS (}U-UL> /ru LjjL/3 l_4_u—<5^13 If\ ~<H Ui LUj a 2 

c 3 ^J <7.9a J< <»1L L«£ Macroscopic 

Ci,.xj j rtlL> —tii ^jyl £j\ c-i3cj ^ol <^ 311 

LoLu*3 (jjjj (JJjJls ./^-xt-xa 4J ‘ 

jcau> ijyjy ^ jl.uV> Jia (7.9b J^Lduj ^JJjJJI ^ jp-auJll 

yj^y-A tu >J1 (jl O_o_>. gll Bjj 3ijj} 1 —oil 

s 

yA VJlJJ < l 4^1u (^jLs CuJu*_j o 1 

4uSLuLj-<-o 11 3j_3J] <_«-l-l-uj ^jn.V! £_<» 1 g ^ (.a j_bilb iciUj 

♦ C>j-± i*n £ \ Q ^JLu 4 _b 1 mil -j^3u LxsJuX. 4^ol_> 1 ^ < j i Sjuj. duil 

i. <i^ 4m 2 3 /??| i <vAl.r<b^ ( 2 ) <( 1 ) (jl a <41,^- L<sj-t£. 

i3.i3t a 4_3j^_Loj j_jo 4jt^i jJi 3 3 -SJ i j-t .*3n Jl 6 t 7.9 (J^LuJLj 
3j 3!l F 21 CuL^ Ijl .8.9 jJSLduJI iJr £ 4..CT i's^ya L 4 . a! Jl->.1 

J 0 . 3 J V 4j1 LcUSJ^ Ijlj 1 2 ^-4-U >J I l^J 3 ^ 3 ^ {JT^^ 

ir 2 ‘o y “‘ isM- I J3^ 

: 8.9 4JjI_3l11j ^jLuaoJl 4j^_pj 1 4 ^^j>JI 4-i^c£ ) 

A Pl = (,' F 2. dt - 

(^^ic 1 ^ 1 4t->Jl j3y i _ 7 jJI BjuJl F 2 J Cul^ Ijl (Jiib> 

2 t <itt 1 ! 4^2~>2 1 (jr^ 3J»3.t i (J 3 ^>J Juijjfc .3 2 ^ < <1 >J I 

A Pl = j 1 ,’ F I2 dt 

(ji ^pj-u-iij Cxlliil yi 3 _Q ( J 3 jl^ yQ 

A Pi = - a P 2 
Api + Ap 2 = 0 


Q 


’He 


(b) 

4^fc_j7u y. 4 1 .il>. ^-j (a) 7.9 

^^LuaoJl (b) 



.Fj2= -F 2i ui2^V.7.9a J < AJt 




ISLwUyjJtj ISLutSLUl - tbj-utK 


P system~ P l + P 2 ^ <Ll*£ 2 




: \y-OjU3 (J^gl i tij ^.sl U~t til l_<-Lf.aJ AjSy la i & D 4£j->Ji 4_t4^ ui g > ~~ f 1 »» 

P S ystcm =P l +P 2 = constant 

jjl c<jjv .(2.9 ail jdsajlj <L4^1a-IU 4 l jojp V >."«j ^ y.jt> ljua> 

(jyJi ij7 Jt ^ ^-2 4_pXjl_>J 1 ^^Jlll) 4-j0frla-ll»l 4_£^_J>J1 4 .U* *C 0jC, y^yj u l ^ g 4 t4_li>.l«} Lt^ 

.(uUj i3*-a3 (ji 

S^-uila-4 1 (Joi5 4-1 $ 4«4^1auX 4_dfLlI 4^p>Jl 4-i-c^ I ySl Zt i u-> i4^p>Jt 4 _ p^ 

.5j-<iti-4 j»jLuAlUi Jjlj 4^^iaJu^ii 4uiSLJi 4 £j^>J l ^^LuU ^olxsOJ ^1 (jr^ 

.foUaaJl -L*a(jfrgialt 2 uaJ 5.9Jli4 9 ^ 

y$yX\ SjLAI 1 b 4^3 <;Loi 1800 kg 1 ^"<i"i ^ by l_L.i .j j^c-j 900 kg 5 jL_j_*-u c^q. 

4x.^_i_u U.L U L N I Li-rTi ill 20 m/s 4-C.^-t-ij. 1 y _U-uJ 3jL_i_i-iiJI C-tjlS^ Ipl . ^Ij^L-j-txiJl 

. jOLu3*iH jUlj i £_« (j-GjLu.ii II 

4_l^ .5ju«i^aJl 5 jLj_ol2J 4oj! jluVI 4jc,j_auJ 1 /ps Js! (j£{ 20 fTl/s SyA 4r.j^ 1 1 jl jJsjuj 

3j_uLLj_fi ^ol i^aJxll JlJu 4_tiU' 4^_>J! 4 j.^ (j^al t u3 ^jLuojJI j 4—< 3 } <1 jj 4-ti^il 4 -£jj>J1 

.^oLuaJ ^\ ^5 4luij 4Sp>JI 4_iji£" {jl 

Qy <5jLp_uJl 0*1 'by 11 .t^aii by l j *, n 11 4 £^j>vII 4_u<i^ ^yV^uj J>L^r> ill 4 jl5v 11 4^^>»il 4_ix^ jt JuLa 

0y^i.ut,i ci<->L^ 

P~ m ( u ; ' = (900 kg)(20 m/s) = 1.8 x ]0 4 kg- m/s. 

: yjb 1 £-a ^/Gjl_i_i_ai] 4S^j>JI 4-i ^ jl J-*_) 

Pf-{ m j+ m 2 )Vf = (2700 kg)Vj 

j-c 4 >jj L will 4__uL^Jil 4 _c.j > _lxJ! iU f 0-£ ^jLu^jii Juuj /Jj-S 4^J! ^ ~i j j*£ 3ljl 

: cr* 

Pi 1.80 x 10 4 kg-m/s 

u, = —i- 5 — =--- = 6.67 m/s 

1 m i + m 2 2 700 kg 

• 3jLu^JI 4x.^_u ^L^ol fiLuL^jJi oL>ul 


m l + m 2 


900 kg SjLi.u (J^ 4ii^dul£ Ijl 4-ul^iJt 4^j..utl L? jt U 


10.0 m/s 


«2bLvVl (m7)' 



j *irtm Jlj AulageJI I duu+issi :^wUUt 


(m) 



^yJLjJLl . JjjJt 0j£LJI 4$)> 4 - 1 ,4. ^ {_yA 

4_£j_a. 4_slloj 4 _£j-_>- 4_j_<i_£ JU^J! c < < u Vv > 

*_/i . 4 -£j_>. 4_sLLdj 4_£jkJ>- 4 j .q £ 1 J_aJijj 

4__4j) L i .*> 11 4 _£j_^>J 1 4 u ( jjL9 LUj 
. <G_iLj >_]i^-’ 


*^CEE 3 S ^9 

Lfi£j^ 4 j.aX ^ If t-Lj) i2 a a jJiC. 

oJlA ,^2 4^_>Jl 4 _x^.£ o' l^y-LX-1 I J_A (_]-A . ~Ljl^O l^q C.JU-U 

S<Cj1j j-j.C. 4JL>J I 

-^E 3 SHSJ 

L$-SJLL —(. a^A.0 ufJLLL J3 4_^Vj 4_>L^_o_a jL^-OO 

* Frisbee <_lL— 3—i_u^i—til (_y- A —uo 

4_j>Jj. 3 -o-l 1 ( *_£0 i 4- JLJI Cj^Lj>J! 

4 Li 33 1.3 La JlIc (b) L$-*-a (jr 2_uj iLi33.1j La jJx. (<i) 

j> f 

4.Io^-.l 11 nsi i 4 Li 3 3 j~i La JujC. (c) 4 Li 3 t u~ij LL>J 

- l^ajJOo i _ 7 J] 4 jjLj 42.3 23 


JL>-tj JLjU U>^ ^ 4,9 

ELASTIC AND INELASTIC COLLISIONS IN ONE DIMENSION 

(j_u£L*Ji . 4 _jj>- jL>J! UU-A1 1 4 _!o^ oLusaj [£\ l£]j_>J 1 4_i_a^ i 1 xLv^V 1—4^ 

O-iL aij_«_u x4_j2_ui_>JI . ^ol ^iH £jj ^yJ-C. ijJJj uOjjli x43jIj Ju5 4_£^_>JI 42LL> (jl_B LLL ^j_a 

t OaJ LUj ^ J_a:3 mmJ LL12 JlAj x a.a i {jr A, ^jLuolJI 4 ^jj>J! 4_4_<L 

• 6j-° jh^-3 OJ-* 

^ s | f 1 \ 4_^_^Jl 4_^Uo 4 _j_ 5 ^>3^4 ^jJ! ^^Luo-lJl LiiJ3 ^Jt ^-4 i.«i_ j v- i 

olj-£^ ^jLiU .jLgaJiit Oxjj 4j^I_£_uJLq ^4£j-j>JI 4 j 4_3 Lud^?L^ 4 .i K\t 

4jj-a oLoLu^j 1 4_ijL*JI 3jIj—>LI oCvjji jJ_c tLVl j!o>. ^ I^_^JI oLLj->- ^jL^j^ jjjLLLJl 
^L_cu_>.Vi ^nj |ol—ui_IiJI Cal . L4] 4j^£LIi uLc-J-uij>JIj CjljjJI ^j\j 4_jj^J,I ^lj j^s-u OJlj^lj . 1_ ajsu 

J_3_5j oLaj) 3hJ\ CiJjtJ 0 _l>- 4j^- 1I 4^aLj O-^xiC ^^4 ^ Jjlj.1 if 1 ^ajLu^j ^jCo 4_jj^. < Lt_o j^£'LI I 

. 4^^_>J I 4_£l_L> 

jjjJU j ^ ,-^>“t l 4_x.l£JS 4_5 >j_>J1 4^LL> 4_ij2 ,J^3^ i-ilijs ttl 

i-liLl-A . ^4 £_jIj 4^^_>Ji 4 j. 4 ^ O-iL£" } 4_j^CjiJLa ^jLu^Hli JLjuj 

^ jL^-Txj LaJuUi O 1 tf J>Lu^l Jju ^jCajl x 1,1 >JI ^ ‘ ^>~< L LaJLtC {j~a 

t .x.^i.t.1 ^-a Laj ur . . 4 jj^_1I ^L j-±£- ^^L-caliJI (jl JUj ^.L>>.*xj i_l 1 ^_u 

i. Ais~> ^ La i xi ^_a Jol.Li jl qjz OjS x^~i J_lC. ljJ_xj La ^JLa i4_£j__>Jl 4^4LL ^j_a tj>_>• 1 ^ ^ Ojv^J 

tC_L-o ^.Li.x-ij ^_a JdLLlII (_yA 3^ LjLc ^JLLU ^J-U.i u (jyL ♦ CLH 0 ^jl ^Jl. 3.J.4 

f 

l^-x.xxa^jj ^LSl 3j£Ui 4-^Oij ^J] 031 42Uo /ys Lj>_^- ojl 32 i-LLloll 3 q^I oj-* 






Jj) -*• "j Ca> ^J>1 u£}\ Juuj l ]-j- 2 1 q 4 d j 4_£j_j>J1 4 J 3 LL 3 tujLol t/1 r 1 L:r 5 

. 4_uljjJ 44LLs 4jyJij CjJurt_s Lc J_lC. 4J_alfC 4y^ya 44 LL^ i_^\j 4-Jjwlj 44l_h> ^Ji L$_Lo yy>- 

c>uU jJiS cjLq jl ,is~i “11 < tic 1 tjjLli-ijw_>- /jLjJL>. L.4-A 4_jj^_U ^Lj j i c. ^(jjJ.1 ^jsi .ui jj ! 
—(^UJjL >J1 £jGil__>J! ^ ‘ t-wj -i_^4 * Jl-JU ^.3 ^ol ~~i 11 ^AijJu-t-ti ^ j__>J I I-LA 4 _j_3j ^4 . 

4 j>-4£ 03 ^ oL<s^Luali! 1 \a ^13 j-i-C. CjLol-^"i j|j 4jyii CiLoL-alli 

.ij^J.1 foLudit ^4 tWirt^ 4 j_jLj 4£y>Ji 44lL> Alblj 


4JL_U Oj-£ ^ic (^_1^J g. Loj SJjLId 0 uJ3 3j>_^ 

ojS ^ Jilxuaj Ca.lj^j 4fct Trill (J-oj2J 1 <1 ^-LaJi <«:1_$ 
3 j£}\ j.g a \ 4_Lc^J! 

Sljlij Scj J^tJ ijLc 4_L^4LaJi 3^. j* <nl! 



Perfectly Inelastic Collisions wGj^il j*GjsoLalll 




^4 3 ^1/ 4-AjIjJxjI 4d^~tXiJ /Tt^ *^J j *1 ^ j"< 1 < *N (ji.g-t-nA* 


4-Cj > xjjJ (jl£^ 1 £jQ jj[ 4 rrSi 1 J ^<u i ^ y \LoLuaj ^jl 4 1 ti^JI ^oLuoJjJ . 9.9 ^-LOj-4 

4-a^ <ji (JjJiii l iX a * *^jLl^ 3 (^ I ^4 4_L3ydj^a 4^y>JI 4 _lc£ (j] LUjjv. . ^ JjLuojJI Jju Vy 4 £ j 3 uuuj 4 
^jLuiuJI JLau 4 jJ ^' vll ! 4>aj)l^L» ii <uKJ! 4£^_>Ji A^jcS ^jL_aj ^jLctaxll (J-aS 4.jK1I 

(m l +m 2 ) \ f ( 13 . 9 ) 


m \ y u + 


v / = 


m i \ u + rrb\ 


2 ’ 2i 


m } + m 2 


(14.9) 


^y* JajLv ^-A 40 mi/h 1 ^"ir.^ **< 3jlj< lj < ul i <■>$ >1 

‘^L-C.j .^y Luajl dJj—stluj ^-ijLj —ljj (JjL<u 3jL— t_u j_><j 4_>»i^J,l ^.“<1! 


S40 mi/h 


Elastic Collision j>tt 


i?jui) ^^,4 .(10.9 3^^' ) L^-i^c LajLunj ^^ 


Before c ollision 

@T" 

(a) 

After collision 


m , + m.j 
0 >) 


j4^-J ^<U-uJ 9.9 (jSLiZf 


UJ-* 

( a ) uy 


^ ^*^4 tjL^i . 4 IuLj 44llailj 4 £^j>J! 4.1^^ ^ya 5JL>Jt .^jLuxli! 


.t^a. *t! 

(^yvj i—o l_<a_j 

(b) 


(m) 


^3 lua.il 13 4 1 t^u/LJl {Jaaa2\ 


(Is) 


Before collision 



(a) 


After collision 



0» 


Lua.il t _ y ^. a <4»10.9 ^|Su^ 
(c) qu-uo. (j>^ 

.^jLuxili Jjlj (d) foUalll 


mji; i{ - + m 2 u 2f - = ^\V\/ + m 2 v 2j 


i m \K + i m 2 u 2, 2 = t«vV + i 




2 u 2f 


(15.9) 

(16.9) 


jLuJl <>L?o <ji Laj 10.9 JuJ 1 ciocvj 

4uj>_lj>- CjljLi! jlj.it <1c.j^«JLj Cy^z! i(j^u*uJi jl 

<?L>U <-l!jU*iJU ^ Ml (j\£ Ijl V J i"i * \ <—3j^u . <>L>uVi 

(Jj i^. g 11 ^3 i IrS -fr-jJ i , 4 .^ . j LuuJ I 3 L>o l£1ju>o I j j 4uJ Luoj i 

CjLc.j_i_j £>JJb ^-Lr. ^jlVs i (j 1 4 -lLq.aII 4_i_>.L<Ji t 4 dil.Mi.ll 

^ jJij 4 _£.j., mJ I cl^tlLo jl jbL« ^Ijlu ^^LLuus^l l Jufc jjLS” <jjj 

. 4jj_iJ>- dsljLail <d 


115.9 LruJ jL*JJ ^JjsO iuij (jbJj^jfcus ^jLjli^ OJ-* ^-^1 u~C\ ( _ T lc. jJjLLLuJ (JjLmjJLI JL>-jj 

4 bj in all 4 u i^sLjjl JijJdd! • j J_Jr 1 m/1 j 4 mu <J7 IlJS J ^j_u>»? 4_<Ljlo cfJLLfc . \ <v ^ L j * a j LuT 16.9 

qj* 1/2 c-sju^j lie .j n-dJ3 . 4 2 1 < 4.»,!1 ujla vU 2 m« r» U LJle.j 16.9 4JjbujJJ 

Sjj t<~\ II {jr 3 L$ 1 uL£ Jt-uuj 16.9 2LhUJtl 

^*l(^li " 1^1/) = m 2^2f — V 2 i) 

<**>I*Ii ^ Jbfcijj 

™iH - %) (Uii + U t/ ) = m 2 (v 2f - v 2i ) (v 2J + v 2i ) (17.9) 

15.9 4JjL» 1! ^ jr s m-2 itn^ cP 1 " <J<^rt> Lie.j eilli juu 

™iH- - Vj/) = m2(t» 2/ - -u 2i ) (18.9) 

18.9 4JjLlU 17.9 4Jj 1-*JU ^ (.mu i4_uL^ill 4 .tt r< Jt ^Ic. \ 

V U + v x/ = v 2f + v 2i 

v u - v 2i = -(«!/ - v 2 /) (19.9) 

^3l uailt (J-oLajJ (jyill ^Jol Mill 15.9 4J3L*J.l 4 j3LudVLj 4J3L*i,t OJJb ^ljbfciu-at 

* 

L-JLu Ui^- — U 2 / Jj-3 ir\_4-i_a_>J i 4 s j_^ iliJ 1 4_C.^_iaJl i 19.9 4jjl « <;U 1 fl jl^ . (JjJll 

. - {U JJ- ) ^‘-^buaal! Juu 4_lj_mlI]I L» £lC.j jlu 

19.9 j 15.9 <4^031 *_>j ^«-•>!i 4 _u1jlujVI 4^.3 1 »!lj 411 ^jl 

jrb^3 ^jbljluus Cij-w 4_ul JujVI ole.j_Miil 4JVJu <LuL^-JI 4m^ < I *-ul mu>J 

4^3-uJI (j-u 4 ^>U]| : jjJ,! ^jLuaiJl 
4u5L^i]) 4x.^uuHj 4 uj1jQjVI 


/ m, - m 2 ) 

% + 

t 

Irrij, ■ 

^m, + m 2 ) 


+ m 2 j 


V- 


2 i 


(20.9) 



V 2 r = 


2m, 


m, + m-, 


ISLyaQj-iJ'j ISLol^-^ll - J/tfU^I) 

m 2 - m ] 


m j + in 2 




(21.9) 


liji. 21.9 .20.9 craJjU 1 <> u 2/ .v, ■ ^—i-i-uLUj 1 ^ i _L2 ^' ■■ » 1 - wMj 

.4jJL«_u V 21 C)^- 3 -)-*-*-*-**- ^ 3 -s^l ^ 3 ! (_r^ 4 j_>.Lj 2 ^. < -u- > <il uii^_>o 

jLu t » >11 J^LuIj <^ 1 . vj j- - v^i i/ 77 j = m 2 c^Lf 131 cjVb>Jl ^«n «j i_Lc.Ji 

< ■ LJlJ 1 4_>4^JJ ^JLu'CiHi! JU c. L>oL-cj 4_I^_3 .3L> L-4 I J~& . LqJbl—ilo^ _ i-xjj JlIc 4_£.^_^oJ1 

<tC-y-L-u jaaij ^ J Lu-ra" J1 4_L^_£2_5 jyCL 3 Juuij^a 4 *. lU .y* tt 3j£LH *>1 iS\C l^ILaJuUi I 

. ^jjLxLJi <?Lua£. (jr^^ 3^S>ii 

21.9 3 20.9 (jlaJ-iLtlt 1 1 ^>33 = 0 j 2 _Lo- i4ji jl^JI < JT ^ Li£L_u 2 ^t^.->Jl 131 

1 1',; 



(22.9) 

(23.9) 


2 ^-i.u j> Jl :Q3-li 
4 j!Jl_JI {j ^ q^Lj-u ^3 


Ujj: — x?jy ^ 31 23.9 3 22.9 ^uJ^Lm o - ^ tU^ — 0 3 ^^2 o - ^ I 3 — 1 —<—^ 3 —/?zj ^l—5^ 1. 3 1 

J_i_3 2>^L ljj t ^UL-V J-4 dTi ^ j j< (3\J 4_>.!3_4 ^>2)1 A^aj CjJ J__>- JlIc 4jj * ^2/ 55=5 ^'Ujj till Jt£j 

L-<2-y2_>JI ^ < n - > Jl JU3J L^-Lu 4_2 x- 3 _£-li ^3 j .aJu 33 JlJ 42Ji^_>. ( ^ r 3 3^ "nij ^_tu_>JI 3L3 t^pl on311 

Jl^ 4L a*t ^33 ^oLuaj 3 ^ lUJjJ JLl^ .^J.j 3 ~31 ^uitI! 4_oi j^IuVi 4 _£_^_»_uJ 1 c 3 * i>» ^ 3 !—^ 4^.3 <<m 

. Cs^>- 33 - JlLo 4 3j4 333 j _>3 ^ 3 _ulj 3 _jJl 

# # 

3 ^] ^ ^I^ 1 ^— j ^*-^—31 {jj-% 1 —i^l—^ yn 2 _>31 0^3 Cj~^ ^ 3 — 1 —^3 ^^2 1 ~ < ‘ 1 13] 

4 ^ 3 _<_u 2 ) 1-3 ijS (JrH 2 -^ ^ a u > . ^>0 L^>-13^0 Lol i<~T\ I Jl>- i. tij |tu> JlIc. <ul jj£l . ^2f 1=5 ^2/ ~ ^ 

. LlJ 3 _ 4 j Lj£"L^ (J^jVt ^ ; u >J 1 ^JlgJ l- 4 -i_U 1 ^ aL>oI ^ u5v *. h t ^ * a >J 1 


^y3 1 \ a f I Jj j L L J 1 6.9 JLia 

i4^3_>31 4_JLJ3_^_a t—djj, 3 l 3J1 ^wXjrluiiJ jl^ >. 3 jLlC ( 1 1 .9 ^ i~L) J 3 jJ_J! 

fi 

( 3 ^> 3 -»J - c ii 3 \ liii < o 4_3l»_<a i_<_^Ii_>J 1 /ya 'by j_l^ 3 *1^*4 ^_JLl 4 _jud Ljuo^J 1 i_3Juj 1J . 4 I (JlLa 

^^3 3-j-x. ^.jl ^" H (33^-i j-lLiJL .h ^L3 j31 4_^3_4_>J3 ^>-jLIu3 4 it i« >J l 4l3^JI (jr 3 4 _^Lu23J1 

J_aj 4^3_4->vU 4_C3_uoJ 4-j^_x>-^ ajl 4.<M-<r>!l 14.9 4 JjLjl 11 t 4 _IjIj 4^_>J i 4 j-4 £ 3 ] CU-i -^3 4 J 33 -U 
4^3->Jl 4 ^LLs (Jp5 i2 3 1 ij^sJ 1 l j T Ji> 4 i_i2li.>31 41^11 3 1 gjsil ijj-& 4 i^>'Li^>y3 1 ^jl LLl^^JI^I 13] .^jLlo_l11 

: ij7 -A> ^vjlx^xlll Jlxj 4 jK3\ 

Kf ~ y( m i + ^)^/ 2 


(M6) 


( 1 ) 





14.9 ajjUIl ‘^ 2 / — 0 tl)i 

mru,; 


( 2 ) 


u 7 = ■ 


m.| + m 2 

^r-lc. (1) 4_hUJU 0 ~LA 2>C- *.~-1 Lj 




Wj + m-i 


«2 

(a) 


*/ = 


w, 2 i’, 


2 (m ] 4* nu ) 



^oi—J —*j K j- 4 ^ >J1 <L_sLLs jji 2^>»V 

4_i-jl wLu-sVt 4_dj_>JI 4 _bLL> {_ya _mjL_i_xs 

I 4_slLJl Cj j x\ ^3 <v_lUj £_4 . 4_uoL<^j-lJ 

4^lLdi ^1 jijLill JIaj ? jL^1 


J_4_jt <Jj—ill 0^^ I ^-^La^ L 4_ ^j, iK J.U 

4_udL^djJIj 4± £ U 4_£j^>JI 4_^LLd J^ol lAall 
h ^Lajjl Ju£. £uJbj 4jfllls < _ 3 JI £*L2JI J-ic. 


m \W 

2 (m, + m 2 ) 


= (w, + m 2 )gh 


v„ = 


m x + m 2 


\ 


nit 


figh 


—3J1 (a.) 11.9 

^xjl_Lf^.llt J-i-S <L-uaLt^jJI v 1/ 0^ 4cx>»V 

4_ti y..A. ,->J-. I 4^.^..*.w (_y^ v j-~ v j j — v 2 j Cj^3 _mL 

^.13 J~±C- jOLuaJiJI Jljlj 41 J*C11 ^ 4_l^Luo^J1 2v° 4j^JU 

3_i 4 _j_ 5 3jj i/3 (b) 3 ^_a!uL_i_ a 4jj^_U 

j*j_3t__j_»_tij ^jJIj _3J! JjJlIJJ cj \ l~i3 111 

♦J~U 

^LULj 4 __lL>* 1 J 4_3l_Ls ^ii 4^ulloII 4^Lta.l! /^q ^3^* ^Lj j.f. 


ji3 iliS-Aj 


^^JjC J-jua-0- ^ 4 ^ tl)^ 5 <iU j ^ I « J 

^LijjVI ^xil 2 a) ciUIij 4 _j^Luo^JJ 4_u! JlIuV i 4^i^i_uJI 

. i/idtSU I 43jjuq^ h 


UI 


4x.j)fl^ o 1! 4_ujL>J I ^oUli 4^lls ^_>2 4_u I jCu VI 4^LL> 3l i u/z jjLs 

. ^_U1 


♦j>?Ua^Jj^a ull^-Uj y ^ ^^LuaJ 7.9^JLic4 

^iLsi jj-uLoi i (i (jjkc- 4.0m/s 4 _cj^_u_j (^i^_ 5 c_iuj iti^— 1.6kg La^Ij^o 4 _li^ ^^Luoiu 

1 ,4 2.5m/s 4 _i^_i_ 4 i _j jLui-Jl ^L>u ?? 22 ~^*lkg La j 1 j. ^ >a • 4 ii£L> 

^i] 1 4iuSLII 4_c.j__«_u 4 _Ls_>J JLlc. (e) 600N/m OjIj (jL^ iiil ♦ 12.93. ^J^L^JLj ^- jud^js 

.(2) aimi 12.9b JiAlL) 3.0m/s 

Qj* .jLcu_dl <?Lj>o L^jl tSi-x -2.5m/s ^A 2 4jjiu 4_ul JlUjVI <Lcj. j h H dia_>.V : Vjl 



ISLplSLjll - J/ifi «>ssJl) 


JL>o 4_xa£ < tA A^ 

m x v u + m 2 v 2 j - m \V\f + m 2 v 2 j 
(1.60 kg) (4.00 m/s) + (2.10 kg) (-2.50 m/s) 

= (1.60 kg) (3.00 m/s) + (2.10 kg)u 2 f 
v 2f = -1.74 m/s 

. 4 L U t _uc. i,n ii 11 ' L^_^L>o! ^ ■"' , 2 4. L4.J 1 4)1 4 .4...5^L2u5/i ^ju 

d ju£. 1 jL a,>, il (jy oll 44 L.41 >. : <,iM->.l (b) 

J5 infl ^4 4_»_uSjJU X (_£t 4 L -»-l 'I dJLA JloC 1 jt-.A .Asil (_4i!l 4_al * nil <■ t i. M “XJ 

i^\ ^3Jj Va jJK~ ~vl 4_iS>..«_iISLiJL 1 4JaLk!t - L a ^ |jlx« ^j-4~. <ni (ji I ii5..d j i 12.9b (J5 m3 I 

^ J* s\-r i IjSLfcJ 4-djb> iII { _ T JLtl. dia^ljU.! (j-d 

ym^ 2 + ym 2 t> 2 2 = ym^;,^ + \m 2 v 2f + y&x 2 

(J ' dJjLtll o jjb (JT ^ (a) 4j%-uiJt jJJ 4 L«11 ^ 2 A t L L) 

x = 0.173 m 

4 j50 '15b U 4jsUiJI ib>o -wj 4^»J1 4 j,o ^ i L A ■>. ^ ^Lx*j Lijl (jl (j-« 

. 43ti<ii41 dX-A (6) *(s) Cx^j y 11 J>. 4 I 


.(2) 41"4!i (j 1 .) 4iodsJ JUC. liJjxjjJ! JoLi_uaj5ll jljuLa xllljiSj (1) 4jj£JI < % < 1 nt.1 i 

.0.251m 44L^a ,>^JI 4_p.ll i_d0.719m/s :2uL>.yt 

Vj ( = (4.00i) m/s v si = (-2.5(H) m/s V\f= (3.00i) m/s v<y 



uiiuiui 

WmW 

(b) 

12.9 JSLi 


\t,^.~ti'!at^/;,ij > riiAjjijj *ti 8.9 JU» 


♦ . 235 ♦ ♦ * ^ 

CjUj^jj_iI]I 4 JJt> . 92 U 3 j j jLLl^Iu! J.if. ijr 5 ^.IUj 

jlia-tiij! 4 A 4 c. ciijLxiiu (ji °i 10^m/s La^IIo-iI 10^m/s ^Jj 4_c.^_<_uj 


.Moderator ^\ 4 J u~> 3jL_ 4 —>* «Li L&^LLajj >*! 

JlLc 4_j_^2_^v 4^Uo ^ t a J a a i ^jl (^*-4-1 t-2ii ‘b . 4 jj_« CjLxsjLl^j 4 _lLq.»11 


<S) 



(m) 


j* \\<tu A h Jj^^U 

Lr^) 0_H^"^ 3 ^ (D 2 O Jj^l *LU (_^) ^JyUOJjJi *^Jl$11 (^i 1 a jd>Jl ^yill (jj-li ^oLuauJI 

. (cli-5 1^_>J I 

A-uljCb^l 41. c-j-t-uj m 2 4illS 4^1 jl_JI 4i£L_u yu^ 3i^> 4il^ <j( 

(j-a y L£ <j( ^Jt> 4_^jJu t-^juj ^jLb ijj-a ^ol ^a-oil (jl ;~m -^- . £->a LolduaTt ^jLua_ljj U n j 

jOLualJl <JT ^ 23.9 *22.9 JL V 1 .' <.4 ^jiLc.3 . ^l^liyn-^s-a 4 £j_>J 1 4_5ilaj 4_£y>Jl 4-*^^ 

. 10.9 ^JSLilJ JjLa-4 ^Uj^\ 0jL& J.U 4-i (ji-OJ .(^JL^JU 3ljJJ ^j^J£_uJI (j^_5 4_^iji.i 


'(_?-& 03^3-ir 1 ^ 4-ijIjluV 1 Ha 


K m = 2 m n^n/ 


o-° i’ n <- (> lP=>*^ O' AT n/ - = ^m n v n j 0 j4 >4^ <2LL= .^ji ’l l j_«-i 


^n/=I m „^n/ = — 


2 


m n + rn m 


.22.9 AbUJU 


v„ 


4£^j>- 4^lla ^jLuojJ! Juu (jj^j^jjJ! d ■' ■ jj^So j^LULij 


( 1 ) 


/ n = 


K, 


1/ 


AA 


W„ 


_„ 

\ m n + m n 


t_£s \ - 1 WlfYi OT n AjtHJ? i~ f ^ 4Jb^ du^JLfll 1_^K m tj^-J f ^ (jl 2 qj>.^Li 4_^_t3LJI aJ -& 

. Wi n = WJ m U.3 ^ LoJlIc. A ■■"! 

AjIjLjJI < _ t 5 jl^LcuJt p j ii.a-.ll 4 _uL^Jl!I 4_C ,2 mil ^ A.~ ( _yjJ 1^ 23.9 4_IjL*JU ^>1,1 Tr~l ml \ Jt j'v ) i^Uji^ 

-. \t ..V.tl juu 4^11^ 


K m j = \m m vj = 


2/ »n 2 fflm 2 

(m n + m m )' Vni 


:/ jr A f 4_ul jCu^i 4^j^>i}\ 45Uo /ya J^i.1 3l_^ (^Jl : 


^yJl 4^_>Ji 45lio 4_y^ 


( 2 ) 


/,: 


A" 


m/ 

A",,. 


4nt n m m 


( ffl n + W m) 

I /yi f iu i ^ 4jL5 4HjIj 4jqjI^ it <; 11 4-l 1531 4^y>Jl 4511a ^jl Cl^yvj 

/m =1 -/n u'l 5' / n +/m =1 

^oLuaj JUil . X $ a*<11 ^U.i '■* ~t t <4 ^<u 4 jI l ^y^>jSL^>\ 

(41 J <* ~ * "' cjUj_Pj_uU 4_$>^>J1 4_alL (_ya 89% (jf {j\ f m = 8/9 j / n = 1/9 ( w m~ 2w n ) D 2 O 

JL_t 11 4_jvi^JLl ^j] •>. »^,x ^ J, 1 3^1—g.^ !j ,^\3 ^ r> * 4 « Ji 4 ^ u a.LxJI 1 ]yj .jJ 1 ^jj 

4-C.LLua uni j^jJtj Ca ^1JL V *i 1 »1 4jl_>» ljr 5 ^jLuJI i—allitJ ( 



(^>*11 I SL u tSL d i - j/Vl 



(a) 

13.9 JSi£ 


£ ££££ 


2 :! -4 .-> 


££££ 

1 2 S 1 



This can happen. 


<b) 


£ ££££ 


2 3 4 5 


£££ 

I 2 3 


(’an this happen? 


W 


<»•) 



CjI^ {j^ T u 4^6 LLd^ 4£j_3-JI 4_l<}£^ ula^jw t^-ZuJ jl_$_>- 

XZUJ L^ji^ ^<U 1 1 _!Jl> jJ-C . L$J 


13.9s (J.*C i u11 

do4_tLuo 


fu 2 1 S^SLli c_jjl>- 13] . 13.9b (JSLiJL> Lj^ 5 2 

lJ7 3 5 <4 (jijjSJi (ji jj_& ..^jL>Ji ^ii 5 *4 


S 13.9c JSLcuJLj Yx£ 1 S^£JI cd^j jJx. dllj^ 1 3^SJ1 c in^.i ^ < <i5C »!1 


TWO-DIMINSIONAL COLLISIONS teJUu^foLatfl ^ 5.9 

LoJ^Lc. 4_loj_aot-^ '^j-a 4j^_4 l 4__u<*5> (j I 3.9 i 1.9 4 <■«fl.lt & 1 

lZjLaLooVI Ljt 2 f XyS 4-3r_4Ju! 1 £ JLA ^L>o ^jLuoj <La^loill 

^JllLo . \_g' jZumji CjJ^oo CjLojI i^rJI ijfA 4X-^-o_?e~a cilLl& tiUj £~a . 4-Ioj-^ -a Z i } 7 iX 

. JL*_JI ^L f. dj^-stTi 4^Lc 1 i^vLa CjLoLl^u -J.4 ««*> jJjluLJl dlijll 

. 4£^>J I 4_i^ v.to <?-*» 4i4 Ue-I ZjG_i£^> 3 t^ .} \ xs-Tt 11 IJLA Jfia 


m I t; lu + m 2 V 2ix = ”W/a- + ^2^2/v 
+ "*2^ = WjV 1A + YtljV'i jy 

2 ^u-u_odl £-4 /7Zj 4-ql3LS>J 1 ^c_uu_>Ji Lg j 3 ^jLuo_jj JwAJ Lic.J 

4jjlj ^JLua i i?L>ul 1 4±i<21 ^jLualll J^u . 14.9 i JSLjJLi L<^ /?22 ‘CtJulSj 

Jo^dLciJl 4-i^ljJl oJut > .^ijsVl j-4 (j) m2 ^ >Jt <jJ^-Pe-Iu^ ^>L>uVI £J* 


® ’ 




4 j <1^—-1 :^LJi 

4^^-jkJI 4 j a ‘n CjLa£j— a i la ~v (jj- 5 ^ J)j iL~* ) . i^iTiJlj ^jLuxiJi ^^ u ujj GlSOCing 4-4^-lU 

^.Ic. i ij. n i/> ^jL_o 3 4-^j)l^ <.aU 4£"j->JI 4_o^J y 4_i£jJU (jl 4 ia*w^L<uj 

(24.9) 

(25.9) 


m x v u = nt\V\ f cos 6 4- m 2 v 2 f cos (p 
0 = m { v X f sin 0 - m 2 u 2 y sin <p 


2 ^ /n ~>21 <^j^J y tsi 21 4j1 25.9 aJjLjlU ^is 4_»Ji_«_uJI^^L_ijj^1 ^ ^ la 

4 ♦ I <41 11 (^o (^rvij^-^c-a i j^L ;J_ut>L>2.i jjp ULLj . ^ J 1 rt"i_<,.i a J/ujjLft_a ^5/1 LujJ . Jfl t »|V 4 ^ar ~ a 

.^/Cii-iljtil ^lLa (J>- 4jla 25.9 ^ 24.9 


J l a j diiUo ila 4 ■>») 16.9 4jjsL_*i.t 


.1 Wl.».»i L_ua.il l juxSLg-a t Lj^-a ^oL*.<a III jtr lit 


l'W = i"W/ + \ m 2 V 2f 


u L 

o ^ ' ^2/ = ® 

(26.9) 


. (\) | j , ^2/’ ^J-ukLae-a 4_jojj ^Ul ^\ i_<-o (jl ~i.L<Sv Ilj 1 4__al jJuVI 4 _C^_*-lJ! AJbj-Ju^i 

i j r a 4 JL 0 JLI (Jjx LjJjI La I jj ^ovT (J^ ^ ^r.A 4-c-iiS »1 lar. I 4 jLs iLa2 4 CjVjL»_a Cj^Lj LajJ ^jl CLa_>» 

. tl-% 7> 4 itX.^~> -U 

26.9 4j_il*ii ^ J-asTu a. )*2j <lo^2at>5 ilmai 4^^_>Jl 43 LL ^jLs ‘O^ 0 ^h4- ^oLuaiiil 15] 

r - -j? x ! 

i\i sin 6 


V€» 



*1/ 


cos 0 


-/0 


u^cos 0 


^jL-taliil (J-j 3 (s) jOLua_dl Jl*j (b) 

(^/cj ^oL^nJI 4 j^I j 14.9 

jO>UmJI JiUuo J* ^6 Cil^i^u 

:4_JLJ| 4_^jj2aJI ^Lul r.i 4 ^ -4-«- u 3> ^^Luallj! ^JjL_«^s <JjLu JulC. 

a lab ^jl jj-a ULp -1 , jjL>2,l 0 JU 4 I 4_u_uJJL CjLc.^_cuJI j_jL>vU 4 j 1 j-40?e.4 Ji Jo*. ® 

. 4 _uljCbV! cjLc.j-cujl £_a x 

. ^LLulII CjLojLX' ^g.4L^JJ 4 jCj-uJI (JUl^acILa JJax jjLsJU 4_cJLk: ® 




ISLoiSLll - J’/Yl^J^tll) 

^ Jkie-Tt. i a I . ^oLi^alxil j t . i .u- v JS2 y j X (]j\JbL>oVi 4^Ji 4_iq.fy CjLJJJL I^xjju l-<_j£I ® 

. d It f t l~ ti ^ * *- I A 1~ ' Li£jL 4 i < ill f | cjIjUV! 

. 1 ^-ua-aLAJ Lgg^LiAij ^oLt^lJl J_*_3j Jj_S X <>L>u! , jr 5 4_^<a_£ (j-c J£2 IJ-f < «~ <—i£l ® 

Jin ^Jjlj ^-l^JI 4_£^-r»>Jl 4 L-<iS > la <L->- <ji <J3-^ Cj JInn»J 1 0 Jl_A> JILuj . _y 4 _jl£j_JJ (jr^- 

(JLc. J£2 ^j-u-Jj 4-aL qii 4£J>JI 4 -i.» £ . oL&L>o5li J£ (jyB 4£J>JI 4_u*5> 

. 3jl>- 

CjLo J t.-o l_< 1 ku 4J1_>JI x?JL£i . 4Jtaj) n. -a Q.<.a j 1 4 ^Jj>J1 4_bIIo (jl_B UL^ 4 J—±*~ 1 - ri ~Jt (jL£ til ^ 

J^. cllJi Jlju . ^Lu^i xm! a ^/CLuL^Jii £}!_£ <UjjX\ 4_^sIj j i c. ^jLuaJii! (jL£ tit »4_j^Lil>] 

. 4j_^>2.l oLx-.g£JI 4iJ_oJ I 4 _ui£ CjV^IajO 

Jljljj J-lB 4^j_>JI (jr iBLIo 3tjl ^ iLj* dl^Ujj 4lcb^_n_i*_>3 4^j_>Ji 4 -BLId 03^ t ^-J- 45 ^'xlt q\S tit ® 

. CjLc.j-x_*J! {j\a 4_x3l_i>j 4 j2^Lc. ^1^. J uarz-i £jJ a> jLx-alJ! 


Ljtjfclalillt JLlc j^^UaUt 9.9 JH« 


4jjx. j-jo jJoLiii jJr. 25.0 m/s 4 _c:j_»-uj J^iuJI <?L>o! i ^ r B j_l^_o 3 1500 kg l ^ili£ 3jLp^ c^uJi^l 
c-uui>! .15.9 JSLjjJLi ^u3j_<3 jjb U_£> 20.0 m/s 4 _cj_x_uj c_jj_l>J! 4_oLb 2500 kg 1 ^ *ih £JiL 

^13 JM f- ^oLuij U4 J Cj (J-GjLl I.ll 11 ^stjX^L) ijJJij It Juu ^LLi_>iil tX-Z-j-uu ^L>vjt J jt J_i-^ 

. ^ 1 4^ i^i% 11 4jjj_u 

u-crv-^il oL>o^fl ^jb x j>>2. c-<1 <3^-2*-!! i>k>^t q\ ^ys^uu Lt£.j <cWf 

4_p^ j|j_2-c t xSLa . x <?L>«j1 (j^S) 4^)»>. 4_l^£’ L^J (_^lt (j^L> ^>jl i^Txlt . y 

t 5jL^_uj SjLu_uJi^ 4^«i4 2^21 

2P . = (1500 kg)(25.0 m/s)= 3.75 x 10 4 kg-m/s 


0 dJj 




Un^jt Jjl j_4j LXc.3 


jujuJI J-xj X ^Uol 4_d$Jl 4^Jt 4_x-<^ j I „V a a .^jLuallJl 

J P x f = (4000 kg) V j COS 0 

U & *jj 4jI_B <4iiij_a-^-« X 4 jK!i 4^j_>Jl ^ 

: {JT 1^' /J-t-^e-2 (jdJjLxlt -VuLi) 3tjL_u-4 

(1) 3.75 x 10 4 kg-m/s = 4000 kg u^cos 0 

4_i 1 ^ < n jj ,^-A _y <?L>ot 4->a^li_Laii 4_^_>JI 4 j o 5 

(2500 kg)(20.0 m/s) Ujla^j Jill I ijLu^ll <£^>21 

J^a^tu dL>u! 4 ^j> 21 4-u^ JjjlIoIu 



4. 'x . .1 jz oj Lj im — 1<~\ 115.9 JSuIrf 

4^ojLb Ji> 3 jLx ^it 3x-2xlt 4-p«.lj 
,X_J^Ij>JI fjjd 


(m) 




Cii> 


2^ = 2% 

(2 500 kg) (20.0 m/s) = (4 000 kg)i/y sin 6 
(2) 5.00 x 10 4 kg-m/s = (4 000 kg)v f sin 0 

;cr Li (I) ^i (2) 4 ,x >m . S^ 

sin 9 . 5.00 x 10 4 , 

- = tan 6 = -r = i .33 

cos 9 3.75 x 10 4 

6 = 53.1° 

*. X) j- x(2) 4j-iL*JU (jr b 4.4-»3 iJ^C- 

5.00 x 10 4 kg-m/s 

v, =- --—-= 15.6 m/s 

7 (4 000 kg)sin 53.1° 

Li lm.U^ ^jiLuo^Ji gjL..u.f 4£^>Ji 4, cjL^cJLo J u 1 jji S\ 4^1 (JJS 


't 


JkLuajJl Juu l_*_a 


£4 j* 10.9 <JUU ‘|||] 

I 4^ulJL- T uVi 4_c^_<jJi .2 <^1 cuil lj^->a L<sjl uzH 1 ^j_jjj^_lJ1 ^oLiau 

^j>1 ls\ 1.11 jjlj . 14.9 JSLjJL j-uoj-4 2 ^jjji^_jJI ^j! <^"li ojlscjj 3.5 X 10^rn/s 

{[) 4-i^ljj 2 (jJJtj^_*Ji v—^2-3^1 37. 1 cfi^. ~r ~tt 

. (j) 4jjl^J! 4_ul ^ xlt t_ 

o^3 ® ~ 37.0 ^ji dJlijL^ ^ L11. mj — m 9 -ji liLIj (jr }—*_j ^_c.— 

26.9 j 25.9 ^ 24.9 ciVjUI ^g.u^r>j .Dj f - — 3. 5 X 10 5 m/s 
v : j- cos 37.0° + u 2 y cos 0 = 3.50 x 10 5 m/s 
t \j sin 37.0° - v 2 j sin (j) = 0 

i ;,/ + u 2/ 2 = (3.50 x 10 5 m/s) 2 

<JxaL>J 3 Lul o^lill oV^Ltii 

i\j - 2.80 x 10 5 m/s 


v 


2 / 


2.11 x 10 5 m/s 


4> = 53.0° 

# # c . 

Ljj^o LoLuaJ <>:»££ ^oLiaj JuJL . 43 jl u^a 4_se_iIuJI oSJt>^ 0 + (j) = 90 {j\ 

. Lq^aiaAJ JUsIjuL4 £jO_uL£jLJi 1 <; 4J^L_u L<j_a1 JL>-1 ^ J>1 i^T\ ^3 

♦ {_yt i Ju^-4-i 4_LtiiJl JljSj JliU 



ISLujLIjjJu ISLulSLdl - Jj V \ I) 


OijS 11.9 Jlxa 

SjSJI Jcuu^-uj (j! ^ x % l.^lC. 3Ui i_aljj t jjjL.tI.Ji 4 -ljJ Ljr ^ 

^ jfLLJ Li ^-A <y£b L-xi£> ^j5i jJ i 0 JJ_>-jJ, i 4_^.'_/l] i 


35 4_^e.1L&J i L^uu^J 1 4_>jijJ) Co L£ Ijj . 16.9 

L$5b JL3 JjlT_ I £j<3i I-^J.^:J 0 4. 

4-iol ) ^.jji 4.5> J i ^ V i Jy3 (J-CJ 

• (JJ _->3 (ji 



19 I 3 JI L> -Otehtf ^ 


16.9 <JSL£ 


: ^Lsju 4j 3LL\ji <_L^otrs. (jjjLs (jUs j-^Vi jJjl 4j£>L_i* oJSA^Ji SjJxJ I ol Oj> > 


4 rn { vj = I«/,?;, j + \m 2 t) 2 j 


^Ls <ii!jJ /'/?.|= 111-2 


(1) v u - = V\J + v 2 2 f 

(A ^ jla-^wl! 4^j^>Jl Ja^ao>- ^jjjLs ^ i JL^cIL-u L> 


( 2 ) 


V W = V I/ + V 2 J 


( 2 ) 4jjl_Jt3,i ^j-L^jJ^JI {jj* (Jfs ^-ojj-Jj .( 2 ) 4JjL>lI! fit j — Al> 

;^l^. J 2.7 j\>Q JlitlL-olj ^ 

V\? = (v, 7 + v 2/ ) • (v, y + v 2/ ) --•vj + v 2 j + 2v l; -v 2/ 

6 + 35 V2 7 3 V| y (j! c: .j . -^ j 

■ y \f' y 2 f ~ v \j v i 1 cos(6 + 35°) 

(jl aA fO 0-^3 

(3) i; |( 2 = i; |y + i> 2y + 2v if Vy cos(0 + 35°) 

(3) (>« (I) £>C> 

0 = 2v ]/ v 7J - cos(0 + 35°) 

0 = cos(0 + 35°) 

0 + 35°= 90° or 0= 55° 

( LjjkljUs.1 duLSj IjjJi I j. si . s\~ (jbjjLOLo (jLlLS ^ot i^VTl LaJUi. 4j| 4 j»-j~ III J_LA ^jjj_jj 

(_J silij ?■ j . ■+ jj (+5Cj ■ ^ot i^-i~ ? I Juu C ^ i t 1 JLc Jj 3 . ~i.a (jLSIjJ^jj I 'La i^jL^>~lll U +t^ -' " 

' t 

. Jliil tJLA ( _ r 3 JJjLJLJt Lj^Cj 10.9 JliU J3 (3t33J3jJ ^jLujj iLsL«j -x-a 





Cs) 


V y 


fa_ 




Q Q 0 


Y 4 1 


t M 


T 


y y 


A 


CM 


c2ry3ll ^a g-GlTvj (jL» ->- 17.9 JSLu# 

(<l) . t ..n^ a ->~ c -Ju ^ ci i —m .aj {j^l ,ts~> :».<a 

c_5j)l—3—c —p*ol 4—aj)ln <U j^J-j 

4_ju£jl (j\j 3o_B Ji-ir—Lt-.il JU£. 4-cL.uil 

4-a j U Jlj (b) .4jj£Jl 


r 


Julc. 4_c_L<_uJi (j »£ r. 


(c) 3^‘* ^ 41ii 3^y 

3^JUt ^_pL3 ^L>«j 1 4,4^ In <U <j} y^x~jj> 

jJ-c. 3^_s wL_rc_3_*-ol juLc. OJ-V 

.4t£JI ^ 


THE CENTER OF MASS 5015^1 \ B 


4 4_a^ln j a aSjs>~ t, n.iuo \ c^.m Ijufc {JT B 

J_£ . 4-4 ^ lea \ aII 1 jJb^A 4_Li _*_<1 4 1^ a > 4_IVjlj 

Cj Loj. cm ->J 1 l j r a <X£L^XiS^A 4_^LulS3J,i <Laj.loJ 11 

jLi...^.>. 3-*-'° ^Lfcjl Cji3 ^Lj-u.^1 j} 1_<i cjijjJi 

ell^jseJLi 4-<3 a In cXi 4iliS j.-fl r?) 

^ylc. 3^M-^- • 4_L>_3 ljJ! tfJuA Oj-^j —<1 4_4^hj.11 3^^” 3^ l3 3 
4-/0j In xl 1 ^Ic. 3^-3^i,i 4—j_>-j Li*J 1 3^Jjji 4_u,n._n^>3 O-jL^ Ijl tdJJj 

<\.L~t531 M 4_aj) In t 4.1 1 4_tlS3l 4-lTtSLll \j Cr^ 

cii 4_^3 j Ia-^3 1 ^'\ . 3— ^b^/M ^jIjl3^o t ii u Lii^-^ilu 

4l'J^ J_>- 3 >43^ 4_o>. j;L>Ji 3^_aJI 4i_u^_rc-a (jl \^e& 

\ ^y_Lc cij ^L-g] I 1 Jui> t 34, 4.1:^ I w)l1c li: M 

cJu& y^v-4—tia-jj .4__xs ^ l^i.11 jIj,*1 a 1 ji 033” 1 3^° 4 _^_jv 

4_1!LqV 1 JoJUtjl (jV 34_L^^5 ^i_J L<3 4^- tT LiJ 1 

1 ^ > -o 3^1 —*_jJ 1 ^_i 1 ^ jL_*_j! Cjij ^>1.«»i ~3 3 j 0^ 

. C-tL^-Lt-uJ^ 

(JaTlITi^-j /ya 4 — A 4-^ajJ^ ' l a Q^J- ^ 

. ^ 17.9 3^-3) < ^ j t? ^ i <j i3t fli y^c *ti nj—x,j (\\~i 3Ti -q 


^J>1 4_jI <:t —4.1.x^.II jSj^a ( .1 (s->y 

^ic 4 U 3 i ( _ ; 3 4l^ 11 03^4 ‘ 4—4J) h ) t, 1 4 

4_3llSJ1 ^.<<t ^e-1] ^^.35 0^ 4 3^1^1 




£-lx> 

, .cjLj^V! 


t^- 

cdlUi —uu—« 

^ yL^_a ^ l-> y 
(34^1 ^3 * *■ xi 0 i 

. n l r .1 ^ 1 f if \ l y^ . 11 








ISL^aUjISLutSLxti - JjSfi i) $.1 


'-J- 


CM 


j^j^j u, j ;.ho !1 i _ T i^- Lo 4 ) jJr, 6jj-a*o '3jJs Ojo i Ijt — 

u_jjL-a.il oL_>ui ^3 4—ojlXUl jj Jo u-3j_t^ 4__oo_o_>JI 4ilt£J|j 4.l^C 1 i 

4 _Lj_o _3 JulC. 3j_oJ1 ,a 1 J jWJL Ijj . ^ 17.9a jJ^-cu j 4 c l_, ,.t f 

4_oj_LxJlII jj Jo 4LZJ1 4l: t <]lj 4.17 n 11 j£j_o ^ju u-j-lGo-oJI ^JjC. 

. ( 17.9b (J^Lcuil jJaol) 4_C.L_uJi uojiJiC 

i _ r 3 jJjo*Go 41351] i 4lo£ 11 j£jo3 JLul 3j_oji J^-ulLo ^ao i ji — 

joj—>o (jS^ ( 17.9c G i l t jJixji) ^jljjj uj^ F <>Lo>oi 

. -. ; . ; <ti 2 t-.<n • 

^o X jjo>JL! *-oo Lo 4 U o > ^yic. 18.9 (j5uJu ^3 4 o i si j Cr\ .q «*t :>J 4.1 VCll j-Sj-_o £_oj 

4J X 4_g o 3 . <-u->J 1 


4JG^Ji j_^J_4 18.9 J SJ* 

JUl 4l^Jt ^13 oy^ 

4lg<u *^CM -* JJ—^ a 

! *Ca-*—«*—>JI 


cAJ 


X CM - 


_ m { X x + ^A '2 


(27.9) 


m l + m 2 

4Ml j-£j-a <j*\ \S\ x cm - f d 0 * ‘A_>G j» 2 = 2 mj udl j_£j * 2 = <7 *^j= 0 cGL£ 111 : M_i_o 
GAJ 4^i_^ii <■ O USUUA j*-2i 4JuUl j^J-A clrCojlxu3o (jLltxdl Ojti 1 j] . J33^l ^4xO>vll ^J-^ 0 OOj-^lL 3 

. (j'UQ- ^1 1 

4Jlo>J] JuA ^3 .O^Lili oL*oV! ^3 uo-1 3 JoL /jja 4ojSoa 4_ojl^ j>a ^ 1c. I JojlU iJ o 5> ^jS^oo 

: 43^L*JLj ^ouj> /2 -j- 4 (jjS>Jo 4_o4-l~i^J 1 j£j\ X 4_i£jJU ^Lxju 

x s +m 2 x 2 +m 3 m 3 +... + m^ (28 ^ 9) 

Ca ‘ m l + m 2 + m 3 +... + m /7 

{_£j_3to M = ^m 7 <uKit 4.bSJI j_ouujJi ^SLoo 1 5Jj^.i-uli . i x 4_i£j^,i x- c. ^^ - 

i 

• 4 ^ ^ 3 4_ojj_Lao 4 1 iCj j z l_ojjjlS <■<»>.^?1 ^<3 /t JJX. j^>Jt 


^CM = 


M 


^CM = 


M 


(29.9) 


,a cm 


{_jJb rf_50i.l I J_4 d_ij_u^£UI jjLOUj 4_*_0_j_a 4-a-"ioj Oj^JU OJ 


:jl jl^j L i.< it . . 29.9 .28.9 2^^ ^CM 

r CM = X (;.m' + y C MJ + 2 cm k 

l¥ii + E m 4,j + E^/2,k + 


M 


4J3SUI j£ji 4 j?eILo 

4jajlaul 




r CM ~ 


(30.9) 


M 


<£^LijLj i p <.. O! 4 ^la r- c. 

r i = X-i + v,j + Z;k 


(3M) 





*Li<yr=a 



£>3—Ui-U-^ J-I^LlC- ^j_4 £_jj_$-^ JuUl l 
Juc 4 I 1 SJI y£j-A ^JLj. Awiy l-^-Iil t5> 
er* r CM 4 -^-* 


*^CM ‘^CM t<x CM 



(jig t 31 4-tLa r. 4_Li^_l3 20.9 ^J£u i 

*<Sj —;A>ol J—a! 4Jj£JI j-^J — a 
( y M 1 j —>. 1— g jl ±j JLl- 4 ^LSi —aji 

.C 4 la. a ill [j-a ^3 Vjl A 4-LaJLLll 
CD iAB (jLU ->JI ^.loS—33 4 _Lx2_> 

. 4±&j! j&jj* iJj>o 


ojJj-4-d jLul ol j 111 y V 4_laSLJI y^j-jz JljJU>o (jl ijyA 

4-4j IS It 4fc£ 11 ySj-a JuJ^tJb 4gjl 3 XL) Al 1 15 A^_a 

- i-4^ jXiU 4 _J_cuLuj^M Oj *VdJ i ^l i-iL*>- V1 ^y 3 

3JL.C. j^yS jj^Ju L^jl Cjr^- -^LiuVJ olj ^1 ttt >.^1 JJ XA3 ^\5v.4 3 

ol 4 j « h >J1 ^Jl-A 4-3 1. j ill I .(19,9 JSLtlo) uU i <<i">Jl Ct-A J-X gS 

4 J I^UI yil jjl tJL-S>. 3j J t <.T> (jj^3 

Am i 4-7ll^ j-isCt£. j>_uoLlC. ^j| ^_4.u_->Jl ^j_«_u_a3j . 4-l3$LlJ ^ l^i" 1 4 
Luj —aj ^Jgaju 4h*\ Iij-^j-l X 4-L^ii (jl JU>u ‘J 7 / *-^j ■a 4_!^ 

: 4JjL*2,L) 


X CM ** ' 


2 x i Am i 

M 


J Jl£. <jl iL ua^L^l I 3 I * ^CM ‘^CM ^ 4_^j 1 f u 4 oVjiL*_/ 3 cdJj^j 
(;jr 3 . 44) Ju X^>m ^>^<U xVfJ-v t4_iL^jVL4 ^yi L-SjZlOI 

A tn^ jl j, 13«ol ^JjoI£Aj j_<j_>Ji (Jl, 11 ~i <ul ^jA-4-j AjL^UI ^ju4> 

:dm Ct L3dUUI j. j*n /* JL 

l x A m i j 


l CM 


= lim 


= — fx dm 
M J 


(31.9) 


Am, —0 M 

: l4 c 3^=^ *^cm -J i’cm ty* 


1 


j_ 

M 


J Z dm 


(32.9) 


3 ; cm= —/y^« ’ 2 cm 

jL«j! jj ja »n.-*J 4.b5v il 3^4 4_stILa jj_c. ^jj..t.r<ll (j£L<u 


r CM - 


M 


J r rfm 


,31.9 (^yLUdl, ^Lkxlt o>UiJI olj_ 


(33.9) 

ill {_$jJ!3 

.323) 


(_yl£j JjL»i) I j^>>^3 i _ r Li yj m ,,1-v- (^V 4.US 113 ^-** 

1 .'J ’)*) < 5i)SL!l j-^^y 1 JLjII 3j.‘ *“ • *cpl VUl ^gj)~<<., a j_gi 


jJSH 4.l~i"ii^ 4j3^ I4J fLu^VI 4JLv ,1,34 £ T_ U Z .^ 3 i_y^H lli4i 



(4^11 - <JjVt ^LjJ^iJ} 


. /^-yr-i-u J ':$ 11 Oj^i t — j) I 4-iu5 Cj i ^£^/a £-oj * 4aj3j2^ O^ 5 4 j 3 C -tJL ^ L °- <^~' <’* 

4 Lsjzj <j_fr ^3 La 4.L_3 i ^ 3 ^ fu-u-^J! ^ ai-a-T o ^.1^3. ) -Q j-lC. f-t-u i_>J 4j[]I^Ji jSj^a ^j^xJtj ^S~<^ 

^i JuitJL<_uLi 5jdJc>o ^ySLaf) AB i ^yjuj Ij Jsx>- A 4 L>3 til 3 a a <3^ 20.9 jSLcail 
CD ( _ ;r ^uI^Ji 2^»_>J1 jfr_uuj C (j-xs l ^Ia-.' ! CJ j J_- ?^~>. jL3J I jjX. ^1.3.4 11 t_3 l 9j)Ju L Jl.iC (J43 

^frj ! 31 4_>al_£. o \<y_u£u.) . ^jg^Ji jj-iJUfc £_L>L_4J J^x£. £-l_Ltll! ^Lq qo < --d-L^>-3_.L a ^.3 4_tiSJl J)j. 3- t ._:jjj_j 

,jM->. _^frj jjl t-i-Ttu 4LaJlili 0_X_4> (J^L>. ^LU ( _ ;r J-ui^Jl uLa.^Jl ( jLb i4.Lxjaj ^1 SjA I^js*. LILlUj ^'1.3-411 JjjJjL) 

. 4io.C] S jS^a 

*S ^ 

. c__u i j_>J I 4 j 3 l 3 .fr 4JL>»1.} dj^lseZLa 4_C,^ 3 . a. .a 3j3 3 xs <—-ALa ^_Wf)l 

4 Lid ill cillTu j-4-> ^fr-t a. 3 * u~A J^.>. 4—^j>__33 JSJ 4 13*01 jSj-A {jA i_ i^JLlU 4 Io.3 i ^u_uji 

L fJJtj ( A t S~\ I A i _ T Lc. £-4 j cJa-g.U 4_L3£Jt j-^>j —<a ♦ 4j_c oIju c^jL-^U ciLLoil 4 -jjIjJL3 

cj}Li!! L»1 jjJl Cj 1 4 ^ala CoLaj 4.Io.a3 CjI g.Li >Ji &JJb jj>_ 5> • 4j 

. O l~t.fr U 4.1350 I 

jS ^jl_3 1 4ga- gAJI ajub ( j^a > L>j Lj 43j^JI dir, a (J ^2i ^ i 4j*-!i3 C^-udJ ijj 

4.iTtSvJ1 

3^oj j^iLltJ j- iJu u O j ,s,<~\ 'lc 3 ^ ( 1 )^ t^LLojLs 4^1 4_1 j^ 3jLt£- SjCLfr-ll ^LljVI Jj5 <x>J 1 (j| CUg>- 

jS^« (jfr ^aU 4 tj« fr 4 L ^ ; J-Lc Afg joj'G j oJJt 1 J£J <3^-^ . 4_ij jL>JI 

D] .4iltSl]i j^,ja 3^-21 3 fia-u JU_Lcv 14-L.d 1 4jjIj g lij 

.<?L>oi ^Si 4jI^ 14.14 3 3 ^ 3 -d J^>- 3J^Lfrd jLui 



3^-3uJL} ^C_t4>j-d 3_4) CfrS 4-Lt^Ji -54^ 3^-"-* C-?! Jj^q / .q^t . J1 bj-^> * 


I ^LiB ^<U 


S4i3^i ■jm-oj Cxy^- -L.4.U 33^L (J^fc* 21.9 



Lc jJ^J-cuqqj 1 £>jS t_J J-UZL-4 21 .9 iJSult 
4_l3Sli t 3A^ >3 4Ud. 



<S) 


polio. <f i AJzzajZ&S j^^LU) 


(M9> 


lj^LIJ /dAoSJ' i ^S- ^ 12.9 J Liu 

. <1jq j)Ip» 1 <Jl 1 dJQSLI 1 s ji3^I 22.9ft ^jS^JuJL U£ -in3-^ p>L_<iu>.i Jij^yL'i d lx; ^ 




_2uJLj 7C_ LtSCyC J_& Lcifi ^2.Li_u_^-l jJ-L-53 C 1 lo f. Li dJL.<_cij,l u a 


Z — () <jt L^-S* dXi^JI Cl>L.U1 J.~A-1 ClOi _SB—« aL 


A.$. m-x-- 3.0 kg c. m 9 = 1.0 k. 


X CM 


2 m . x i 

_[ _ 

M 


. 1 . •> 

' i. y ~~'' (>• 


/7?,.v, + /7? 2 ,v, + /n.A'-, 

/?7| + m 2 + ni\ 


■^CM 


(1.0 kg)( 1.0 m) + (1.0 kg)(2.0 m) + (2.0 kg)(0 m) 
1.0 kg + 1.0 kg + 2.0 kg 

3.0 kg-m 
4.0 kg 
y m-.y 

i _ 772, V] + m 2 y 2 + 777 3 y 3 

M 772, + 772., + 772-, 

(1.0 kg)(0) + (1.0 kg)(0) + (2.0 kg)(2.0 m) 


4.0 kg 


40kg - m -!.0 m 


4.0 kg 


: yjb 4.1ouj L-ulJLa 4J2S2!I 3^>4 £-*2^X1 


r CM = *CM« + .Vcm j = °- 75i m + 1 0 j m 

>41 iti j r j + m 2 r 2 + LuLu 4-^-guJl ^ya 

.22.9b JSL^Ji .MdAKJldi^il 

v(m) 



^>9l <Jt£j 1.0 kg U~,oL^ (a) 22.9 JSui 


j^O-a ^_Co^a <cptlJLI .(J£LhJIj L<^ jjliiLjjloj-a 2.0 kg 


.UljVj jIJ-aI ^aLsoVI (b) . ^ki-AU 4Jl£LIi 








ISLuUj obj ISuilSLai- 

t 13.9 JH4 

(j! (jIol^ILaL t j p '-> Xal'..It t nu~i~i j a ^Si j_2j L M 4iL£ < ' <rKll j£j-* ■ ~. r< 1 (a) 

. 4ojIj JI^Ld 3Jj>.j 

3^^Lc . y£fyj = %CM = ^ Op^ x l-< aJI 23.9 (JSLjlJ t i 

. ^ lVi 1 11 t jut> all X ~ iVf/L ^j^Lj jJlLq. ^4__lL^3*kJ1 4$ITiSLI 1 ^ X (JI^LsVl 3 Jl>-^ 4lTi£ ^jt LLl^^LsI 13! t^JU3 
4 ^^j!L . k dx— dm y.i^n lc. J£ 2±£ ,j^3 >dx L$-L/s J£ J^L {j ^\ l_-tJ_-U2UlJ 1 *lj 1 . 1,1 rt~j 13! 

3 1.9 4bUll (jr Ln-*3 4 U3 1 /yi X Juu £-3 j j.isn.\c. (jjV 


X CM ~ 


— fx dm = — r xX dx ^ X 
M J M j0 


M 2 


L XL 2 
0~ 2 M 

jj-uajt_3 MIL 3)j Ca 


[} (M\ _ L 

Acm ~ 2M\~l) ~ 2 

1 (j! (b) . <Lzr I "1 (11 f^yiA J (_ r i^ ;J < ^ "*• > ^^£2 (JjLobJi Cjlj-^jJL) ^1.1 V" Mil Lxbul (j£L$J 

fi * #= 

• dub jtjuLa Ot tS iX— (XX 4il}Ui] ' * <b* X £_a 5 Jl 3.^ 4ili£ y 11 "~ Caassj 1 a ‘t a ^u_J 

.L £ys 4jt£2i X i ^ U^w 1 

:4^^1a 1L) In«" i Ct iu il X tSj~*. X dx jt.vrtlLi dm (JjuILaij X!L>Jt jla iJ7 3 


1 J. 


X CM 


= —- fx dm = — r xX dx = — 

MJ M 


M 


xox dx 


10 ' 


dm = kdx 


^a_ 


M 

a l 2 , «X : 

= — Lx dx = 

M Jo 3 M 

lL^-UjJ <UiSUI 4 lifC ] I jjl 4iix3-]9-4J (X l_3 Jl>- 




<■ lri~< i.a ■ 


3J 4i£Ji 3^ 23.9 
: U2 Jlj-C- U3^f L 4i 


M=fdm=tiXdx = ^ax dx^ — 
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|V>t£ Ll ci a X 2 L O S1 I I 14.9 Jlxa 

CliLulJ~>*| 4 Jl>- .9.24 ^J^.i*JL) ; L ^ ci^llLc ddxxJt (jr^- ^ 43i~i^ ^- 4 - u ->* 

. 4jjIj CiU.L_uI 1 3juvj 4 Jq£~ 4J ^c_cu->J 1 3)1 


(m) 



fOlu-x AuLaJtlf 1(JtruiTt 


(S> 


j-j^t 4 jI (_£l 3j_cLUl 0 _>u 4- lT t SLl l JC 

y J_>-VI {jl J^JaJI <j£-4-> 4Ju^I-aJl urtijj JikJLL) . 4In a < 11 oJJt> Juu jJu Cil^oU j_t£Yi at? 

Jt 

dx L$ uoj-c. 4 j^j j_Si j-Xh ^Jt Cu mi ^..iu-dj iX ju^Vi Lxuijtj ^j£J . b !2 i j_4 Jaf ^^£2 tji 

: ^i/?z t J^ 4_fc£ . 24.9 JSLiUJL) y L^Ljj^t ^ 

4JS ^.ui> Jl 4ij£ - j., - , 

dvfl — -^-*- •*■ 4_^_j^ _ cu J I 4_>. Lcu.< 5 

^U-uJ>Ji 4 _^-L_u_x5 

= -^—{ydx) = (—]yA 
l/2afc V a/b y* 

: jji 4JtSJI j£jX X ,_pl JL>.VI l 

-^ xdm ‘\,^) ydx -^ xydx 

24.9 [J^S .<"< 4~ 1,1 {_yz -.X 4j^JL> y ^y£. j-uy*St } 1 t(J-al5 vTj l IjJfc 
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MOTION OF A SYSTEM OF PARTICLES \ 7.9 

^xis^JU 4 ^?c-IlX 4 11u tlLi jjJiII 4-i r ^ J i y^^a SjjLsj ,^Aaj. i ni l 


. ^yJt j-uajjJU 4^atlLi £y*jll <X lx a 1.1 L> 4.2lAJ>i <ji 1.4 £yi .30.9 4-taLjtiLj U 6.8 

LijLfl ai £_ya ^L_u_>.l £^_5eJ Vj <L>1 \ i^xLuu^^i 4_>s^l^xl t 4_1 jIj M ^( 

. ^IriI^U A.S. a^lj.lxi 5 ^JtU( j _LjjCtJi ^Ic. 


4-lHSlH <Ui^iu 


9 CM 


dr 1 dr 2>‘ V ‘ 
^cm = ±y m ,£?i. = J- 

dt Mr ' dt M 




34.9 <JjUI 


(34.9) 

■ ^c-<.uj>3l 4 j 2.^-ljj V^* c 
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V'/v, -i j ■- > .'// ■ 


v _x3 ,> / 




4j_j '-u JSji 4i‘l5jl j^L^j 'Lyeg&uLeJLi rLi.l^i! ^jbsi->2 I iJi ; j! ud23 ,'y$ 

1.0 ^_t_u*-_:*-J Loi f.j cLc <jj£j ■ 4. iJjL *--J i -. ; £ y :.^-1 0 \ ’)..■. <\y . *...‘2 -, .« -io ,..-. L 
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/. Hi, 




/ * f S.j 1 ‘ 
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: c4 c - 4^^=^ ‘cr’tUI ilPjrH U? J '- S f '- 


..3 £• 
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m*cm = 2 m Pi = 2 F i 07 . 9 ) 

/ i 

* i I ^.Lc. Jj ^jJ I 4ji5J I 3 ^_3J \ L;5r jS> F ' j tiU-/_>. 

{_y o) 4 -jI^Ij ^4-^j) la III ^jL>- j,L>- ^jJs rU J_3 

i L^J ^jJi 4_JL>.tw.\JI 3i^Sji (jt_s tC-JLiiJl ^j^Uh uP 5 ^ <2U3 (4__«^ii_Ll! 

^ic. 2 ^...iai—>J 1 L_$j j 4—-Jbfc.1 jJl 3^_3jl oL^oVi Jit -t^rijj) jl jJiU ^jLa-aJ ^L2-^c 2 ^_cu_>JI 

^JllJLjj L^-tia-ju ^>3 L^jla i37.9 3J j L »JU ^^^3 4_xj_>3jJi ^£^_3jl £-4_>Ji * 1 ^_<-u->Jl 

3 ^ i*n]\ {JJ B 37.9 4jjUil 4_)Li£> ^^3.11 ^Jt> 4.xjio-tl.1 4 _j1*3JI {j ^£2 

y F , = Ma CM = ^i0L (9.38) ^ ^ ^ 

^ CX1 CM dt ^ 

44-jQ j laJ 4.U 4 oKJ I 4-ir^jl \ i j r a 4x.jjj^ (jr^“ 3^3il 4l 

jji JL>o OjA<3 ^uu_uj> 2 ^CJl jjjjLs 4 _jjULgj .4JuS 2I 3^^^ ^)L_uJ 

3j-3Ji >__uLj Clo-o M 4 7tj~<-5s M ^j) ^ i_i-u_>. V! ^yC J 4X.^_<J_>JL 4io^Lll u2J-^U 

11^LcuJ 4 _j_^j ) L>J 1 3a_3Ji 4.1^71 0_sl£^ Ijl 431 . 4^o<U 4 _o>>jL>J1 4- L l^_>J^ 1 

: cr i^. (Jjugxstj 38.9 4ij)UIt 4313 


j l Li 3II 25.9 (3^^ 


u tjj <l^i, fl 


4_uiU 

. ^3^ i i-t <.» 

J_Lc (GJJLv^A J-n> 7 ~Ll 3-G-U 4iu$Jl 

. f.LtJa_j_Jl dDULUb 






I1 4.J A^=rt ^au2^\ 


(jm) 


ui l4 


P tof= Mv CM = ^ (2F ex t = 0 OjSdUc) (39.9) 

4_p.jl_>. dJLufc (jS-J 3 W 4lo^»i-<~u_>.Vi ^a 4_xd. 4-tIo ->J 1 4£>_j>J| 4_i_c-£ ^1 

4f3_=*Jl 4 _j_^ (j-c 5l£> ^Uu.^VI 4^o j).h ^ 1 4_jl dl!j ^-u?u . <Laj)l^ ill &J~& ^.Itr. 33 ' 

jj^jLSJ 4_*jLc. <5jui> . 25.9 L jS^.x."aIb _^5> /yijjj 4 _l_uo111j (jLlIjlj 4JLI52JI j-£jX ‘Lc y w J jJ 3 
. i.>~ ^yi 2)3^° ;J 1 .9 ^3 L^ILtfu4Loti ^tu ^Lcu^Vi ^j-XJ 4-C.^x^>2. 4^^>J! 4^3 JLcl.i . 

ill ^j -3 ^iiiSLIi yS 3-^3 • 3 ^ 3 2 >-* 03 ^-^ o 3-5^ (_3 4J^ 3 -*-° 4wo3kJLo 

.C-4>3j (jr^- (i ^ 4 J ^j-xi tj^ SxTu 4>ajla.La l ^y2>jS&\ t^iit-X^ {Juju-u fjyic. • 4_u>*jLi»- 3^3 4jjf. ^JLa U5>L_<, 
LlLo-AI Ijj} Li^Li-u 4^a^la IJJ 4.lTi5JI ySyA 33 ? 3 Afll r‘l_L_ t _ 4 JI LqJUC. .4_l^L_t/ 4_jlj_Jl ^Laj)Io il.t 

ij+uLi jlJ lSJU ijr b ^jL_a3 T'l.w nU 4->JI •XxaS jjls dl !2 3 ^- (]/U <jJl£b»-Vl 

. Jsl <-4 lx 3 i?L>o] J O-OjJU 4jJ_UlJI 

/V/j^ iM^ U-^LK ^3] 3 Hu. i 3 Lsl^j ^jj^SLi-n 4-1 Lv ^ n3 / u *a ^-aC- 33 3^3^ i ‘^>->3 32 i^5 

2)p3 3 .ia <0 ^jLciu jLLi-iiuj' 2 i 3 ^ 4jKLH 4_£^_>Jl 4.j ^1 cu > .^^ 313 ^^ ( 3 ^“ ^b ‘^A i ^ t> 9 

c^iL^t 3 . M B y B” ® oi-^ i -^5J i 1 1 Ajl 3 ° 1 S 3 ^ ^ jLL^xii ?VI j_*_ 5 43>_>Ji 4 ^ ^ s 

3jjJS -iijljji 4x.j_«_u (_lLu> 4 j 3 4^3J.U^3 (VCkl^^aJ 1 


^^d.\LjjJ\ 15.9 Jti4 

t_ijJl 4Ju5> ^ruutj ^—^3 • '—^^4 -V« zjjzlS ^j-^Loi J-& J^- ‘-r J - i ! -^j! 

. C-uI dX£& Ajla^Ijla^^ 3^- > -_9 <2iUj_t]L ^.\ J^eTu-uL) 

4_l 33° 4Uv I ^ iilS ^ uLu^» 2 Ji ^j-uL _3 4J—<-_ijJi 35 ^ 3 ^ 2 ^ " 3 ^^^ 

^-uoj~ih L^ <-U.ixL-dj di-u^ 3- c;e -^ dL^ol . 26.9 3 ^^ 2 b VjcS <-jj-U ^VI <4- ^ 

. l^b^AXj 3 - % ( 3 ^~ 333 -^ “- 3 *^ 2 1113 3 ^J 1 *—»j ^>-3 ‘-iiji-dv ^-i>-i .Liijtx4>^_xj jj^>. a 

Xjy e_jjJI L^ 33 ^ ^l^Uj %p ‘A" 4^LtoJLl ■ -wV i .<t 1 ft 111 it &£.\ 2 ^^ 

<-lU£w4J I jS Jbj ^i-JjJlj 41^3 4-^o^glnlc.l i 4l?t5JI 3^3 4 (_r^ ^<-^1 4J^_oj 

*jJLjIjl_>J (jr-a dj-ui iii-ii 2 ^_>Jt 2 >^) ^ / 3 i) ~ ^pX'p a^^AjJI i j r A <_jjdl 4_il^ 

. jJI Ura^u-^l l j) 4.1SL2 j a dU Cj jLa--i.^.» 




ISLwLuJ^t^ ISLutSLd! - JjVl l) 



ciJ_LSw<aj . 4 _l>.jL>. 4_tic. yjjJ fJLo (jyCi u ^2 4_I4-^a^iall 4 Jj£JI ySj^a ^jlaj 26-9 ^jSLiU 

.j^xLuljl l_) jJI d_ll£ 


5Liud^jL>wijl 16.9 ^-u*3 JIA* 


^Sj->- JjAJl !3Lo (27.9 c J£Ltia^ LjU^ji Sjuc. ^1 3 l^*i 3 ^-sr AUl ^t^il 4 3j 333 o 311-4 


Sjlrt_<uVt jut_j LU^jJt 4l£il ^j)I h <<;H 4_l3£Ji j £ j-a 


3j) .3.11 (jL_B 4_ajt— o-a JL^Li 

34_4jJl_ 3J1 ( _ :r Li 3 j_j_>.^J l 4. t_->.jL->Jl 
t4_3jjL_3J! j>-ja- A o ^<jJ 13! . 4__i_i33j'21 4—_u3i—>2 1 
—t-OL>5 ^-2 (JJ-S J>-.-C-"i X XL ) u3j_u; L^ >1—3 

lL^JkJL) 1—st—coj— a ^_5l£Lo ^ lo4 i^yC. 3ji—i—C. 

j—aJi <jl .27.9 (_J-^-Jj (JT _S ^-Li-3—31 i 

L^jls [S3^ 4_st_L3j 3^3JJ.I 

jLse-iuV! Ju*_i . 4 l7\ 11 4^-Lf- ^3^35? 


(jaiiU ( Li 1 .in i» 1! ^ 4—/sjlaJ-^1] 4t&! I u 

4^.1 i.u <t d A£ ^y«3JI^ y 1^3 _iuil 1 

. j-Zr A.1") 13] 4-dJ . V.3J1 



(jLs tL)Hxd 5jx t _ ;r it 4_4 jjl 3J! 3i~i Lojl3z. 27.9 m 

l/llm-l i_3^_i_u LiLLi-dJI qA 4_j^SAU 4_/Q^.L> I.xj il 1 ySy^a 
4^3.1 ip <_J2j— i_o OjLA (_£jLJlj} ^^ISLJJ ^.Lia.H jl —m— a ,j* i 31 
. La J La- 3 i 1 ^ JiX. 4 JLv ^^2 4_ij jJTli 


^j^Lo jLxiut 17.9 

-t s> 

^Jl j-zr tf'n 300 m/s ^Jj 4_3_ C-j-jui ^ju a3j 1000 171 ^1 La JL.icj 4jr i £ -^ L_i_uIj ^jjLu=> (—3jLa 
j_*_j 450 m/s 4_c^j—t-oj ^3/ 4^>Ji Li fcir»fi j. _» j _xmj . 413^ 1 i 4 jj1 ."< a LLt-d/ o513 
4x-jm-o U . jLscjuV! Jl*_j Li4 _l>.L> 240 m/S 4X.^_UJ ^xuu 4_Ulijlj 

. 3^_Lul_uc jlst ^1*21 Julj 4jJ 13JI 4^ 1^ Al l 





^ I4 j 4*^ i*-u;CiIt 


^j-3 (ji O-q ->> . M/3 {J7 Jt 4-jlr> 3» 4l~iS' ^jiL ^^yJLiJLij M £*JjLuaJi 4_ii£ ^ji L P=.jJLaj i_ULJ 

P^ 4_^_>Ji 4j <i3> <4giDI 4 _l^.S 4-4j \rx '< a. U 4-tLLj ^£ jLr.ajVl 

. 3j_JLL-« jLt_3jVl JUu LLL-OU Py- AgKJ \ 4fsj_>JI 4_ui^ {£ 3 ^ 1 L O* C-Uje-J ^uojLlX jLeuu^fi ^jLualj 

p, = M\ i = M(300j) m/s 

:jL?tj2j'^l juu 

p ( = ~(240i) m/s + ^(450j) m/s + ~~ y f 

^P" P j- ^uJjLjtil ^j-uL 3ljl jimj^. 1 .4jJl_U! <ulagUL 4. x ^>U>JI 4J^£j>2J 4Xj-*gJI lJ7 _A \J du-L>* 

: Ur Li J-u^xdi 

~ y f + /W(80i) m/s + M(150j) m/s = M(300j) m/s 
Vj = (-240i + 450j) m/s 

S 1_)1 lo i,~i 11 4S>j>_>J 1 4 i djl^stlLo 4_uti»_j ^<u 

♦ jL^-fl-i^M :\a 3.0 JLju ,_s3dj^U 4_i_uuJLs LI <~tf 1 4—ajlVil 4i~iSJl y£j—a Ji_ 

. jLc_L^I Juu {J-4JuV ^JjLuaJI cilj-3t>5 l 

‘^CM = 1*^6 km c^3 x j-ulm V t2UL>*¥i 
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ROCKET PROPULSION pi ^ 8.9 

.ciJ LL vVl 3^3JI -j^fL oi^JoL3iSj oljL-ciJi ^JLa LjL. cjL^._^ jJx 

J -L> 3^_L>L3JI ^-5Ju . 3jLggJi L$u 35 LJ1 ^Jb >Jl 3^Jaii t 3jL-cJl 4_!Lv 

3 4_jl VI .3jJaLo]l i _ 7 L- qL x3a-3Jl I 4 J ^3ju 3^3L)1 clilj 3^3 II i^j <tjl 1 <>i3tl 

^•JjL-^ili ^LjJI j J x^a <a i^Jc-3o ^LjuJ ^jLgia^ ji J'U: ^ 3 ^ ( L-u>> ^Lia_3Jl i-oJi 4JL- 

jJjJ ^.LLL 4jg a j.L 4 _l^IjX.JU^£ 3j^_t-o /yz. 3jLc. 28.9 SLb .<iJlS2uvVi ^-UT. <— lj:t - 5 

^-aggldJ -U£, 4gla_>Jl Jfl3-v Ly ic ^JjLcaJJ -WjJU . l^^Uol 

. ^jj^Lall jrj^Lta-il ^,4 


3-L Lj_c. (jjrL 0 ^^$33 45L. il^.xs 4^aj)l^ I a jr’jjLuoJI ijJljjl 

^ _yl i 4_i, < .u^I Li V ^Uj CLcg>- iU i?Lol ^2 4 ^j-2w 4j 4 3lIo ( J^33-tL 4<L3 jJl 3J1 JuX. . L buu 




ISLilSott- 


<Lit—A—i_o 3>LU) 28.9 <J-Su!« 

. ^ t * ^ j) ^ ^ -* ' * st 1 1 

CjI _Sj-^-o jj: c\JuUb ^_23 

4^—:S^J (J_<i— ju ^Ji 4 _cj— a _util 

4_jJ1 LbL_jJ^_« jJjL-lxt 
Q^l-t -Q O' 3 JL)-A_»Jt . 4...t M.Ooi 

> I X -l jI < _i U j -cb^- . .^-1_Ail 

4_ji^_>Ji I S —_*U_jjJi^ 

Jjjloj 4 _u»-u-lL> UAL t ^ 4—uj. gS H ^ 
.ijLA ^^ic. 



05^3 o' 1 —ol—AiLoJI^ £_SjJUj 4jj—*JI { j r Ji 4jjSS_ 1 I 4_>a j 11 4_Sj_^»Ji 4 i 4 ^ i_uJl ^AsjVi jLLol 

(jr 3 rSJ 4j^\ im'i >q 4Sj__j>- A. (jr lc. 4 ~jj_*J 1^ ^aJU 4.3 Ho ( J^ O^^-Lol J-bl o^ 5 . 4.1aj_Aj^_>3 

4jjs_*J l ^jLctij ^£3 jj jbsjdl 4—AlLJi L$j jAjp ,_) < a 11 aj AjJs *o'u>' .QjjI iA,~ ,-q oA_ibL>oi 

4_ul2xJi oLAlLaJI aa_C n o^-^ Ijj » 4 3 12^. 11 <?Lj>oV aL-iba— 4 ^L>o! 4 jj_aJI liJj—sc 3-3j 

. F av = tifiiv £_3jJU ^ic. yi j3 ^jS ! 3jAJl vlo.^ibba o^ jJI 


t _^galifcAJi JlIc 4_2o_>J1 4 _5>j3>Ji 4 q-jjuj t»1, < n 1 i i~l!jjSeA_t LqJllC. 4_3_j j_Lij 

i j r A J_lc. 4_j <^<.<.h?l5o 3 UJI o\ i_a jl_c. Ajj—uo ^j9 4_jJQjS ^_j 0 0 -° 

£0jLu^i]I ol-^ 1 a_$J * al aAxU i>l_>uVI />SL1 L^J 4 jjL^_o_^ 4Sj_>. 4_*_«v£ { jr Lc. i/vll J^ sej i^jLuaJI 
. a Lua. A11 ^3 3Jajbi_>J2 CjIjUJI j j r a j3jd! 3 a^> jl 4^t_Aj_s f-jL.uj.j 




LIAjjLi i 


4—c a la i.4 11 4iASJ! uJj 


4 jl^c. ^ ic. t JuCbuxs j~.tr. 




UL. ^jL 


03^ ‘l o^ 1 Jl -^ 1 q^3q— t..4l 

LuaJj 4-Cj-_^ ^ 1) C.Q >. (M+A/'/O'U 

A/?i 4inS -xA-jj ;At cj-l tuua 3 jA-5 ^ 29.9^1 

4_C-J_<^u ?r 3 1^13 3j."{.^Ji 6Jl£> 4_jL^j ^^4 4 AL 3 

, (29.9b (JSl-tiuj ^ j j \ I 4 £-j-*-<j jj-^-TJ i Ad o_o»- ^d+Ad 

^ ^jjL^U 4_t_c*uJL \)g 4c.j_<_u j a3r, 4 iiU 'M 



3 1 — 1 ~ t } ' W 

JuljJ — 1 nj O^- 1 -^ -sjl 

4_JJ—(jJj—^—Jj o' ^'—*Aa—AJI 
. juiLo Jobj ^'j-AJ' 


05b!_$ <Uoj_aj^_a 4 Sjj>JI 4.l^S . LaUu 0>^*' t^xiH 0 vuSr. ^ 0 ^ 0 ^ 0 -* * 

.(3jU 4_uLt-c-SUI £_AojJ1 43Ho 1 jL_o^ ^ Jr ic^ 4>ajlo^ll 4 Sj~oHI 43Ho 




^ =5 UsvJ fGksSfeJ i t 4_coi-=» : Jxu G) 5 3^Al I 




v • U- 


4...C f^oLsJl 4.. C. U ,_, ^Ic J^JLLraJ L./i c ..^ Ur. ^ t J.UG.I--ul i 

i ./a JwLc. ijfUs . U — I 3 . ^.Jb 3 S 1 —uu JiLctU j,LU "J 4.._:--_u.aJL.) ja~3c>jl 
<5^3 i IwS .-j.ULUJ 4 _lISJ i 4 GjIjCo^ 1 < i„ : u5_ < s 3 _$Uj13 

<LJSJ i cLul.^.'.Ii 

( M. "r A/7/)u = M(u + A?») -f A/??(? } - } 

jl*> 3 * ;^L jij ^jLusJl 4HS A<f JW» cW. 

-.A/// 1.4) )ljutLO .i 0>_4t i 3 *-° 4 _i _3 .iLxr-t.li.ai 


< 4 lxS (a) ^29.9 

3^ ai^LilaVLi 4-uljCuVi 

t 3 ^ 31 1 jJji M+ Am {jr & ^ 

A/ 0 jG*-3 w 4 —jl> (b) D {jr tb — uj$ 

:^ 3 3>LU J—4J M ai^Ji 

, 1 -aJi 4—CAm 4_liX£ 
. All JI Jl1G_> 


4jjUi 0 Jl^J tla-u u, n *]j->.Lj 

MAv = v c A m 

lt 2i 4jaj)hi U 3^ 4_ac_uuJI £»Jut> 3SUu 

4-1-AJi 4_c.^_i_u juai 4J ^Lk>i 3^3 ‘‘ d -A-li JLlt-ui jlial 

4j^Luu- 4 la ill 44_tx^ *jUa^M lj_& (jy ^i . 4-A^laIxv.U 

(j^\l VgHj M Ax) a£><X i ^jL*-aJI t-xuiAl U Ijj . 1 ^ i.T-i^3 


3^ jLGxli {jr ^ x)^ Aw. 4 4 jl. a. A juiG— xixl! .}^_ 3 ^Ji 3^ *-^3 23JI A ju 3 /3 


Ani-> GUA£j Ax)—> dv Jx^U j. A ^11 ^l A/ UuJ^ 4 jL^JI jl^L . M Ax) - X) t , A/7? = 0 


C-<-j_3tj 4l^ gjtA i ^iaLo <i/77 3 Jl<? Ti xoX) 4_lliSLji 3j^Lx. ?f/77 

tcdh ^^Lc. ^Lu > 4 Lx <!1 ^ U ^GJJ 1 3 c ^ t ».i L$jV 4 _aJL^ 3 jL_til L 4 ] dm 31 .rfm= -c/M 3 ^ 


M d v - v e dm = v c dM 


(40.9) 


M- {jr ^> aJaL-uo^L) ^-jjl <aU 4_A(jGLiV 1 . 4Jg£J! 3 ^ o^3-* L3 3 ^jl^J jJ-xsISLuJ! 

Mi' 3 _xs ^iifi U 4^LuaVLs j-jjLuall 4_AL^JJt 41"^11 3 

j>- ^ ,3 ' 




”/ ~ v , 


i; In 


i _ 

M 

( M ; \ 


''“W 


(41.9) 


^^jL-uaii 4_c. y~-xjj ^jLj^JI 3 ^ ^-^uAuJ 1 i Jl-A j £—i^>^j ^ 3 ^ ^?-gL<-uVl ^x-uridji ^Jb !_U& 

4 £ljmi BjGjJl LuIj , !jcw 4_JGi 3,3^ <j^ i — 1 ' J ^- 3 4cj-uj 3 Us 3LilII 3/5 


4.ULc 33 ^ 3 ' 4..>Midi <?j ub • M■ !M^ 4 1 <d ».UJ (jy ji u : uU 11 ^iu_)Lc,^l]i 30 c_'_^Uo3 33 JU.: 

3*3 3U^i j^Uij 3js-j..a jua 33^ { ~t lS 32 U$^ oJlI^ - 3 ^ (jU- 30 ^UfluGu* 


. J3A3-H 3^ 4 _u^ ^_At 3 ^jLurJ 





.40.9 4JjL»i! {jjs ^3jJI syJ Ij_uju (Jj^ue-i (j! 


M 


dv 

dt 


v„ 


dM 

dt 


ya!! sy (41.9) 


4i&i! 


.^jL*J1 4Joj_u1_jj <Jlc. 3_pjil SyJl yJt ^3jl^aJl 3_jS 

(Jj-i^s SjLij j_a_j j=oL»JI jLij ‘Lc.j-lm Sjljj j_a j>! U ! 4_1 ^Lxll 

Jj_*_a er <^uj) 


gLAfltl 18.9 Jll4 

uJlILj 3.0 X 10 3 m/s 4-cj. i^lj Bll ^jjLu^ LiJ^-stlu 
4_c.^_i_u (jy-A La (&) 4-^t.iijJLj 5.0 X 10 3 m/s 4 _c.^^_uj ^jjL<^JI .4 a ^L>ul ^jL*J1 

. (JijLu2uV.l <Gl*i£ (. n i <~\) ^Jj l 1 ^ 1 11 4_L5> J is*n LsJlLc. 4_u_u_<JL ^-jjLaaJi 


C< « t.uj iiJ^_>«-U * i.~o3 ^-2 . 


. ^jLmJu ^jjLt^aJl ^jV 4 oL^>VI 4-C.j^al i /y 3 j-pl L^Jx. ii.oc._u ^yJl 4 -C.^jjjJ! (j^-^3 pJb ^ull ^ya 

: (jr Li 41.9 4JjUil ju*%JL_olj 

l Mj\ 


Vj = v t + v„ lm 


= 3.0 x 10 3 m/s + (5.0 x 10 3 m/s)ln 
= 6.5 x 10 3 m/s 


■ M, 

K 0.5 Mi 


.50 kg/S <Jjlxa Li! 7* Qjl ^JbjOI oyB i _^£b La (b) 


j-2jdi ojB 


V, 


dM 

dt 


= (5.0 x 10 3 m/s) (50 kg/s) 


«tW* 


= 2.5 X 10 5 N 


19.9 Jlla 

^"1 dcyxlu (J7 3 600 N La j I. x B a Lc ju^- B.«»j (jl ^^LL-iU 5L>.j ^LLst-) 

. *03 4cj-uj l _<1 .i~*J 3 600 L/min. ^a *U,I j-jysB (J 

60 L/s (j\ *3 600 L/min Ja_* «j ,,111 ^ 

(ji Jj-BJi u^f 1 kg 4ib^ ,m <^-4 1 L <jl e u - p >j 

liIjUj La jlLc. . 4_uL 31 dJ^li fUl 60 kg 

(j£ jJij ^Pj-^ ‘'LL^ ,m 

5Lvj L^J ^pjJ 600 N LajI jJLa B4 _LLBj 

/ 

42.9 4JjLjlU ^»lJ_rcj_i_uL 



Jijusu J3-U ^IkU JLxj ^>-1^ 


(3M) 



4i=>^aJ t :^iiQ)l 


Cb> 


j-^jJI ojS = 


H» 


dM 

dt 


4_a_uj ^j_laj_>JI 4_Sj 


600 N = I v e m kg/s) I 
v e = 10 m/s 

jjL^ i^^jJjl (j-« (31)^^ k>3 lij • 4 _lLi- 4- I cLilsI 

■ (JL»-j t5A>^ £jL>J! et-U ^c.j-lm (j^o 4 \ 13~ i .M (_^jJ! jJsjJI 


SUMMARY qoUo 


V ^lc.j-lm -1 'JIj-zcIu 171 4’ifoSv ^-m_>J P 4 k ViLlI 4 < 

P s m v (1.9) 

LI ,4 ]aytLJ2e-A £j^3 4-I^jug 4-4^lrilt 4£^_>J1 4 _j_ 4^ £)t 4 it-n >«t \ 4 < rt'** 

3jJLll j j ! _c_ y In.) 11 < i 4_LjjLre_/Q 4_£^_>Ji 4 ^jpS 4jjjjjLaa 4_4jJi_La <_lll_L<fc <ji£ 

4_ul JujVI 4 tKti 4^_>J1 4-u^ l£jLuJ 4_Lj>J ^1 ^3 4-4^Lii<JJ 4-xLL!l 4 ^j>JI 4_l< jl3 Ij^i . La-^-uu 

Pli + P 2 / = P 1/ +P 2/ (5- 9 ) 

, ^u-utcU 4£^r*dt 4a *& ^^3 ^jL_uj F 3^*3 4j?c_illj ^If. ^3jJ,l 
I = ^ F A = Ap (9.9) 

• 4£j_>J1 4o^£ -£3-lII 4-3j L > lJf Jti ci-llj 

B^ILai La LJLLj ^joLll £>a 4_jjLiiL ^£^1 4—Ir^x 1.1 ( _, r Ll 4_*3tjiJ| Qcfii i La LxlLL 

♦ 4iU ^3 U£ 3^-iur>4 4_j_L-aj 

^_iil ^oLuaaJI 4.j.,4.^ ^jl—caj ^.iLusJlJl <J-x3 4 _l1SH 4^^_j>J 1 4_i_4_fb ^jl-3 (jl <i- i.'j->- ^1 juaJjj La J>.l C . 

4^tt j-j-C fol t«-~r~ ft . ^L^GJI 4_t--t tL j IS *11 ju t^oLua-jJl Jlju 4_i,15>1,11 4fL>-_>Jt 

JjLuoJiJI 4 j-3 4^1! . 4_L^aj%_4 jk-xC. 4 aK.11 4$j_>Jt 43LL> 4la3 ^ jJl ^vJsLu^UJl 

.4ojIj 4^_>J1 43LL 4a3 (^LIl ^xtll j^^LaoJl .^jL-^aoJl Juu (j^ol^ A -<a-«-u j> J( 

Z t)? iX 4a>LJl jLuVl ^yA jJ£” ^3 4-^-j>vli 4 J4*) CjL±£j~a (J3^3 tO^L jl (^Juu ^ol ^.Lal 

. i ^ J)'~' * 1 1 1 1 ‘ ♦ < ^7^" 4 1AA' -■ 4-L y si ~y - h 

c J? 

:43^LlIL ^Lurw^ 1 ^\-4 ( _ r 3 4JG1II 4rtIL<: 

2 m «- r / 

r CM s J - 


M 


(30.9) 




ISAaLuAL ISLuISL^t - fiUj^u?!^ 


j£jJL 4_^_Xa . i 13 4_jd_a r j J 4_aj) l^-LcJJ 4 aKJl 4_Li£Ljl (jr A> bA — ^ ^*2/ A-p» 

i 

. 4j 3>L*J1 {j-4 4 _Jj£. ->JI c jfLa_i l>> p_uu^>J 4JbSJI 


rcM=-fr^ 


(33.9) 


. yJb ^j_a (j_a ■La^laJ.l 4 Jj£J1 y£j-4 4iS.j 


2 

M 


(34.9) 


v ctf = 

}Sj-a <1x^41 4 -jKJI 4..LS111 l->J-_U3 L>. (^jLuuj ^>L < -u-j>. Vi ^>3 4^q^1o./.1 4-jJKJ! 4__l^o_£> 

• 4t3S^l 


K- 


: (jr Ls^u C-.- -'l^^I /ys 4x._^aJ*_a ijr^ jJ-l^Lu 

#to, (38.9) 


cxl “ M<H cm - 


dt 


CM 


JLa 4JK11 )&J-A . 4u_^» jl_>Jl ^JiL J_4->Ji ^luj 4iVC 1 1 J^J-A £jLuU { _ :r ^ 

(jl 38.9 4_LL*-U jj-c . 4-^^ioJcXl ^ylc. 4_o*jLAJ1 3^3J1 4.1 Tt^a j_oLj Cx^>o Ml 4-jili^ ^L_se3 o-'V 

. i 4_p*jL>- 3^9 LlLLs 4_lb ^_3rt_a 4^3 j) lo 'tgW 4_d£LlS 4£^_>JI 4_lA 


QUESTIONS KM 


^J_A . LALjj L c-& Jl>> 1 a .j «l>- ^oLu^j l3l 6 

4jL->^ ^ l a g jK u5^ il)l <>* 

(ji 0 f\A U J-* S^ol- U3 - ill J - *_s 

jm-^3 S^qL J-A_i ^jj^SLt-u 4_!L>- {jr^ Lo-&J->-S 

.AU3 

—>J i 4_i g .9 (j jAj (J 1 t_3-» ^ 0 

/_ya 3ji> JU^3 La jbir 4 _Lj a.^_a 

y ^ 2 

4_i_S Jl_3_3_j |ajLi-o3 C-i ^^aJU ^j-a — 8 

. VllLa ^^31 13] S4£j»>J I 4j3LL> 

j-* jLu Aa tb ^ .a <-a>. ^ru 4jji^Jli ^13 — 9 

. ^^Luaail 4j7c_p-J (J^3 4 ^^j>J S 4^3Uo 

^JjLa i a a jJAj-uI ^1 3^A 2^_>.jG_ 3 LaJbc —10 

Jji> L^J 4 jL All 4 _£j_^JI 4. u ^ 

. ill} 3 ^ ^4^)^>JI 4^aS >Ps 3~>- ^ Jlc (JlO3 

J 

3jl_t_i_u (jr^> ^ 3J 1\ ^L j j r ^jLua3 —11 


3 <^-> i^^L-aj ^ ,/ 4^_>J I 4^Us o-it£ 131 - 1 

- S 4 J 4 i\n W1 4^_>Jl 4 _mA jlU-3-4 La 

j! jJLa ^Jb La /ca^uj>J) A^Ljujj 4 he. Li^a 13] — 2 
La $4 £j^>JI 4-pi^ (jr 3 j_LuJi 
S4^ jj>J\ 4bLL> 

. 4jjl <ii ~i a (j\ a m .->\ 4_£^_>JI 4-3LL O-jlA S3] — 3 

4 -j-x A L y^.i La_^i iSj3J Cy* J-^ 

. c£iJ 3 y. i »4 S 4£j_>J S 

(3^ ‘4j^S t.ii—tA (^_a-4-aj>J 4_^_>J 1 4 l<v5> S3] | 41 

4_3Uo ^>0^-3-} 1 .a. 4 } 03^-} U 1 ’Sj 3 J- ^ ^ O-^ 3 

. lLU3 S4£^j>J1 

/j_a Jj5> .4j1juJ1 43^Lcu ° 4_ajlaJLa — 5 

{jr 2 i 03?^-* ^—aj) t3 <IS ^yA aij—>-V ( j^La-lS 

.cillj^A ^jLA S3] l^c.3 j 4Aj_>- 3JL>- 

SALI3 OJL2tJ i_3_A ^ < n4 






C™> 


4_a^Io III j-5jl .(yJkl JU8 jj-43 3^ v~* to 3 Ml) —20 
4kij—=»JI 4 j o *S ;Ia.3 -v L juj& ijjxj {jr l!I 

. 4 i L-* k 11 

(Jj 4> (s) ^-lr>ft C. ^yjj 4j^L_i_o <LLlxB j—Z*z _ CLU —21 

4jblio (b) 4_L3j_dJS:ua <LJoJfcJi 4_^»>J| 4 _j_^ 

. GJJ J j~uj£> . 4_k 45^>J 1 

< t£~i yLl 1 4_jjj)L>. ULL L_ui_j <]l£j ^jG>gg.g —22 

.ijJU ^G^i ^1 JUjVl 4oUc J& 

jJl £_y& LajLuol GUI Jju 4 3j3"»Jl ,^yG 

C-d_t—£ . (j-^—UU—:>J1 4—J_2 <jjao3^.— 

. ^4_3jjJoJ1 0 G 4 J <C £-j-uj jl jJ3 ^jl u£^. 1 jLkb 

J)3 —*~ n J-A . {jkjVI tjljJJ “klc. “23 

Sj> 4 .G.U 4 jlo kJ 1 4^j_>Ji 4 j ^.?s > to t? •*. 

♦ ^j-iL j -< w i l l j l i.u.a /j! 

(jy-b. 4 _ se_i^>Lj ^N—t—C. 4_ua_u C< to 3 .<» —24 

L$_«Lbj.jl Jcie. £.l^_>.l <"/ 4 > n 3 >La 


4_2ta_ikU 


Cj-LuL. i_ui 111 Gib 




J——i_u (^Gj Lu .t- cf ! i 1 . Qj, J .j G^ 4_0* 1 —G)^ 

♦ jL-^rJI 4^t-uj >£* GjsLk 

£jl—:>- 4 ll£ Ji ')-->)—« ,*G_j ^jl {jr-A Jjfc —12 

.^ii* j£i\ gUj£ 1 J)j S^_wj_>*jl 

Z U ^ ! 1 (jr £i olj—£ Cj^-Lj CLl^ 'j —3 —13 

*UjI 4JL&JI ^jbxu La . 4lkscJJl 

.S4£^_>Ji 

4jJG_a L^-fc Gaj 3 j.Io uoi ^ —14 

Jw-jilj ^y-t.xt jJ 1 J^jU 4jL_j_*_uJ1 ^jl-uo^dL i ^ n 4l 

t Lj4 ^ J 3 f^A G)buJ—C-J^LG j Ijl 

(j L> J—ur> Vi ij7 _^^LGjJ (jljGj III U (J-bj 

^ <I! »t nil! <■ jlJx. ULL 


. t-iU j u9i ♦ Jl 4 ga.j-A 


U3^ ^ J - 


-j 4 —1 4, \. \ Jl 


£_u^_) t_ 




K IS 


La ^LGji (Jr&$ JollaJ,i (j-A 4^Li 4 111 4 tb>4 ^ lr. 

Sj, nt5C nVj jG^j L^jI^ 

C-J^l_>■ 1 _c lit) SbUi cj 

Jl*_j 4 Ga-t tl 1 cLLuajai i4_j^j^jJI 

.(JjGji 

JL L^-^-coj cilj-tu —25 

: 4_jJLjJI 

t 

C-Hl-t-aJ ^ylll <ill3 4^^J>» 4J^_IGJ (Jjja £l { 3 ) 

♦ Lcj LuU ^ y a \ I 1 ^ ^ A ^ 

jt J, a a S oJLli 4-.ik.lii ^>1 j. 2. j$ (b) 
q\ f^Jti 45^11 4j j. Iri) jJ-lGlSI Oj 4ijLu ^kJl 
. 4k3Lk *-> ^yi-C- J^JLiil ^Utkail 

jJi jGjLII ^y rt 1 ^jui Lk oJ l l (c) 

(ylc. Ct^ 1 4j^ikj ^ 

. 4G^j>J ! 4^ G>-^ j*-^-*- 5 ro-<-u->- 


4 jii^ Ojk I j] . 4_GGkJ 4 ^ i^>^ka 1 

L^-Uk 1 ^y-ALaVl ,|>L>UV1 4 U 4^J_>J l 

IkUL ^yGl.~>JI (J7 3 4-iBJlLlU a£jj>J\ 4_uj^ 

j5 - 

\j k~>- 4__t_£ jkjJt £ya 4_jLudI C-uL^ 

. S 4_i^o Ll^o^J S ^ya 4IuLl^1 

jt 

tjfJZ (ikil-2>- lJ7 Lc. (rjejJ L l -W { '_yA 4— tin 4 03 j _ 3 —16 

4_t-xaJs cli JL_>- bUs . 4j oGLu^GJ l_5 <—s^Liii 

4_^j»j>J 1 4_a_4_^ J_A - ^yj4loJI 4 _jlLxGJ 4-^_>J! 

.GJJ j j^«4 S4_k jo** a 

^ylf. 6.0m L^r.iGjjl ^ylr. c_*£.V j AGj -17 

ljL-u 'v- c-iLt5L«_> jJ_a .iGsLLxlLi ?e_<a 3 jL i-uj 
. S 3^_t-ui_s^c 33k-u^Jl (_^| £-lC- J-lm 

4—5c_jGu 4—ale. S^Gjll 3j) _3 !b j_GGJl 

.ciib j- lu ^ ^jLua-Jl 

^J-Ga^aj jlIo.il 1 ^1 jGttG-t-tfl UlLtSL-4 1 <—3a^ ^a_o_S —IS 
S^LGo^ail ^_yB yjLt-o 4 h *s m Jjfc [ 19 [ 

4 -C.J—LM J-*yj ^jl G>-^JU Gh° ’ Lilli J — I_u_3 

j—ialJ2> .$JLka «.all 4_e.j-aaj -uail 

.klb 





P6.9JSL2, 

L<^a!jl^4 4o_>j ^lau-o 

1 l 4# !>>♦ i £-4 c iud> 

lLo_u>J I jp^-l sl*j (P6.9 JSLi) dJ^aijJI 

t-dJi t ,.i i ^.» i«.->J1 

4^_^ oy-^4i ot^>3 3M 2LL&JI cX^i 
jip ^jJ! J2 ui!i 4_c^ Lc (a) 2.0m/s 
4XalSJI 4_jjjJU 4^LL> (_ +u. u -->-1 (b) 3M AJl Lt *? 

* M= 0.35 kg c^l£> I3j oJj-ujJi ^ 

c.<_r>l. P 43^\->. m <ai^ — 7 

4_f}^ — *JL ^yla-iLJ ^— i_o_>3i 4_£^_zv. 4_ sLLo 

4 ^ u (b) K= P 2 1 2m 

. <oir<Sj 4 ^ 1 X 3 4 JV ju 

jSJlt 2,9 

l 4 Ju_£_ J 1 3jL-Aaj] <jr 5 3ji J <_u ulj 15J ~S 

^.. •>» VI Ji 3jl_2u^n dj^LiJol 

^1 ^ ^)-4 1 ^ *> r.J> t_U 3j|Lj— uoii 


tS^Ujdftj ISojlSuXl - JiVUj^O 


PROBLEMS 

^j-^-3 c4_Lxu_ii^ii4 4^J-iLuu. 4 — 3 * 2 il 

lege, com/ physics/ ^ J^Ji = WEB 

(JjLcoU {jr B Ju_a_4 i_jj_uL>Jl " J|j||} 

/4_ui3j ^Ijj! ~ 1 I 

2 Lc^5» 1.9 (4^3 

(3.0i- 4.0j)m/s <£^^3 3.0 kg 43 l£ - 1 

(jr £i 4^->J! 4_j^ 5> <-i(a) 

. 4^_>J I 4j_ 4^ xalool^ j!jJLc (b) y iX 

^ 0.10 kg 1 ^ 3 1*4 5^ 3j-_£ - 2 

U-x-^u—>.| 15.0m/s 4__hj I Jl_JJ ! 4_ C.J _i-qj p !3 ^11 

^L3jj! jut^. (a) 3^S2J 4_iT^_>JI 4 —1 

.f-Lajjl <._3 a^tCu >5 JLxC (b) 

Sj_x 3 tj cJiaS 40.0 kg 4halo OcBJl^ — 3 

# 

^3_Caii 4-.; .awlj 0.5 kg 4 l^.^r-'v- 3 J-q—^-4 

jsljGjl 4——uu c 4.^. .5.0 m/s 4 _cj__^3 

. jul^Jlj alilioJl iyu .4UkJl 

J 3 i. tju .i. ) i_3J^ 4 uSL<j 4_il c _ ^ V — 4 

4-lcoLuoj 4^js_>. 4u_<i^ ^ 4^jj>- 4a^a£h 

13}. 1500 m/s 3.0 gm 

Lc 0.145 kg <3 ^—j— t-ti— j— uli 5^^ 411 <5T o_jL^ 

<—<X.yiJi ^ i— C.^\ ^U—X^o. J _->. i ^ ~i C.j —I_u ^-4) 

. Lit_i^c_c<o 

4juoL>. S^lojVI 4£^>. 4nj^u j-L3j — S 

F^-4^4 fLajji ^ ^ 1^.1 y 33") LoOi^. 

. uoi jijGji 4_r.^—i_u ( _PajVI Crr JLju 

^■UI> ^jl 1-Aj 1 J. 3.4 Lc 

cjL_lw4-S3I j— xiiH-iL_>.l ljr 3 .1— 4 L 40 u 1 is> 
oLLu_^ L^_>.Ll^o $ a-u cy3ll 4_A_jljy j Ail! 

. 1 

L7 -L^- jjLc. j—^_ 4 3M iM 1 4 4 j 5 ^51—33 —^ 





La 0.2s 3jJs JLLkJI £_x 3 jLJI c^-u^Ui I j! 

4LLJI L-4-j joJ_j ^pJI 4 ^±jj j.jj.1 3^-3JI jijLix 
43j-x jjju l 4_jjJ,i CjIj^J! L-iIi2 4_l*J —12 

15.0m/s ^.3 4 -xj-U 0.2Kg 1 £ 

(a.) —3Vi j—t-u-Il J_3—L 45 

3^311 cLL 131 (b) 3 j£i\ Jx. ^jJI 
pi 4.0ms 3 jJL l jU^ jLj3 *j£$\ ( _ y ic. 3^3jl! 

^J] I_.t LL jj-o^Lu.3 *u 20.0ms 3 jJ cxj_33 

j 3J3 3^3 ^ ^,3 i La 4.0ms 3ju-a ^3 

.$3^531^ 


7t-L32j—a 


Jj4> 1 ^ 


L ,;.u a 1 — 13 


U*Ua oL-£ I3j. P13.9 JLLJL 

4—j—31 I 3j_oJl c? - ^ 5 ^ ■ ,,q ♦ L^l .<.<i.ll aUL 

JJL-J 4_A^_,u i_i!l_i_u__a5LI 4_aj^Li 

alii Jj^*_a <jl5 l3j aU.1 ^3L3 JLjlj LoL 

$25.m/s L >_iai_! «5 0.6kg/s 



P13.9 JSLuf 

^jx 4_3^_3_^t-a c. 4_X V ^uj Lcj — 14 

alii ^ ii< <i ^.If. 1 10.0m £_x_j^3 4 _ua_La ^Ic. 

L^j j3L33 ^^^Jxil j_3jJI 3jJs »In < <>^-ILx ->-1 

*aLU £X 1 ^ aJil—ux 4 Lj>J 4—j_c 5UI 
. Lgx j£j uljlu^ L$j>-L>u tjr ll 1 CjLLJI 

foLalll 3*9 


JL^Ij Jju J^3 ^b«Vni 4*9 ft iu *i 

6* 4 j 4lj—c^3j_3 3 j^—ud dt-5t_u3jl —15 

4x^_<-a_s L^du 200g 4^K LiJj^>J1 ujjixo 

3^L ^_a 3^)—tUfl— j— as jo L i-a Qj jji 55.0m/s 


j^jJI jij 3. a Lx .0.8320s J5LL 5.2m/s 

^>3LLj 3j 3JJLI 4-JL3j> 3Jlj I 

.$70.0 kg 4HLs j_*£ lj L^j 
3j_3J! 3rv ‘L35L*Ji P9.9 JSLJ! @ 

/yX .i— S> JLL 3^ < ij. iu2) Jl_u1. 

.3^S2l J-BjJl (cl) i—^J^r.lil 



.3^1 j3^3 3^3 0 i^i3l (b) 

(0.06kg U3K) 3^111 o^UI ^ Jaaiuo -10 

Lxj >ja 50.0m/s 4_d^., 4^o j__i_iui3 LajJil 
^>L>oVI ^3 40.0m/s LjI, a 3 a 4 -L 3 I 4_c.^_i_aj 

. jLxII 


(b) .93^21 (_ r L <__Jj_t3ail jl, 1 3 a La (e) 

^jj-L. <-_jj-o>ill 4ijLaJ ^jJI jJJLcit]! jljL-a L 

S3j£it 

WEB 

JLL>» j_x 3.0kg 1 g’ih5 4 xL ojJ* ^jJdxau 1111 
^L<-ull j_x 60.0 4 j^I^jj lO.Om/s ex.^—cuj 

«3<) jji.3 4—c.j ..I II a3j3j 

(PI 1.9 




X 


P11.9jSLi 




(2u>t>sJttSL4Ujaitj 


<.-^aTu.>. 4 »-W .3 ^ic. 45.0 kg l^uIVs 3LL cJi23 19 


4,.*Io^ cLL£ !y . 150kg L^ib £ 4<L ^ 

&^ylc (j! 1 ^ ;< <uj 4_i^Li_u 

0 l ~ ^T1 OiJu til . »L-t.uLa 4 _j?s_!o i Lo 3.1 c ->■ 

4J1sLj 4_c.^_-cuJ L_^_4i_>Ji 4 ♦ t-Ls ^-ic 4J5 j_>J i 

^ U (a) c^A-kJl 4 xk2J 4 -l^UL 1.5m/s 

(b) ? gd-H ( j r l] 4_i_<_u,i.lL 3l.11.aJl 4 r.j j „ 

4.»bi.4 4 -C.j^u {jr ^ La 

. 5^1111 ^L2_i_u 

^Jx o. ^3 4.0m/s 4_xj—t-uj 3 -^ju — 20 

? dLLn-i-^a 4 -utin A 4^q 4 ^^yix 4-l^l_i^ CLoOj 
LkjijLLa 4 _i_<_o ij 43 L<_ij_4 1 ^ j-xj .^uLc! 

{jr ^ 1^-o T t-L u l^ Laj ^^yx La^_>-I Jm 2_3 5.0m 

L >3 .4.j, H ^j-g.i a! ^^41 * i ^ 4£j_>Ji 

OjL^ I3j 4 t <4^ 11 <r Lb JUx i 

1 A1 L .< A ^ ^ it | 4 i 1^ 1 1 4 i iii JjJI 4_3 1 / a 1, j 

5_^J3JU SJLl^ 50kg 2J~ <j 515.0 ^ 
.30.kg ^ La^i 31^3 5.0Kg 

j j < j"> 1200Kg 1 ^" 1" 5 pjl j <» c^a.jito ts~t\ — 21 
3 j -> ~ij 25.m/s La_j1 X5 4-1^1 JlUjI 4Xj i-aJ 

9000kg L^-i lr< 5* 4_L>.i_^ oj. _>.j_a~3 _i_uJI 

20. m/s 4_^j. f<< > <?L_>u^n ii.Aj ^ilj. ->.,~r> 
3 jL^J1 4xj^cLK iy .(P21.9 JS^) 

La ( 3 )»(jj- L i J 1 ^Uoi 18.0m/s 

3j_4L \ —i —<0 ^ol — U2—J1 J—*_i 4i^wLAJl 4_Xj_t-u CT^ 

4- 6 L u LLlU 4_3lLJl {jt 2i jJg .ail jl jLLa La (b) 




oL 


4. rr J_l> 

.42 ILL I 


. C_ijJL_a 4x.j_ii3^-a 46.Og L^l.1 <_3Jj_>- 

(jr^) ^-0 dJ^xjL^aJljl J_ju 

4 ^. .40.m/s 4 ^ 2 (^ULVi 

. SjsoIuLi-a l^Jt.34 wlxJ 

75.0kg 4 j—LL> d! ^ix- — 16 

uX,V ^_a ^JlLs-^zsj 10 . 0 m/s 4 _c.^iaiJ 

ciJj_ ^Jxj ^*41_ 1 ^ "t U JLa_s .4La\Ji ^j.,u/2.) 4J ^_ 2 s=.I 

5.0m/s 4-Cj^^j JLJ >.\$ oJ^$S oLux^Jl 


oi (jk^u ^LiJ! 3j—aJl J au.M j— j— <3 (jl —y 

tjr A 4—al.l^r. J_s_u_£^ 03 1 - 10 4-*X.yjl 1 .gS-ti-.rr Zu 

.0.10s ^ f 3L^l 0^3 L)k^ 1^1 4500N 

. S4_aLL-C. j ^ j.iSLfi j h ^Jji. 


LL^ 4_i^l_ u^j o_3lLl 17 


4 .A-L 4 lO.Og 
4_^j^_>JI (.-^.3^ (m= 5.0kg) 4JbL . 

1J! . twuju-LJ 1 4_»lr>4 (Jii*. 1 3 4u-olx^n^JJ 4 


J_»_j <_i_L_>2l 4 -»_Li 3^ 4-t^sLuojJl 4xj>i_u O-jl^ 

^ l_a 0.6m/s cj-Jul .Hi 


. 4^Ll4d jij 4_L1 JLuV 1 4xj..iaiJ 1 

j^O-i * P1 8.9 —a 1 —a_^ — 

(J3L>. v L^Hxj^-i-oj m L^ ~i 1 ~i.5 4 _i^oLl^j 

4—Xj_ t-u CdlL iy . M 4 JjJLIj 

4xj ,«.ii 1 \ 4_^a^ U Vl2 4^^>Lu^5jJ! 

.S4icl^ 4 u.u I j 3jjJ JjJuail (J-t^ jj Ja 


m 

r>- 


v v/2 

P18.9 JSLw 


III N 


2 U.0 m 


IKIhn s 


(w) 





j* 3 Lag )1 ! 4 j i^MrfUU} ^JtofUtTl 


(m) 


4 —Hla *> /jSi \— uj j — >4 Jib £-« B jJ c. Uj a 

J^Lijj 1 ^uoJb I i . 77 ?2 


. 10.0kg 


. oOLuagJl Jju 777 j 


JSB 1 

» 


P26.9 J5Li 

bxb_A 1 2.0g 1 ^ aAlL *s 4_uol_ loj O 3ibl | 27 j 

^JLc 4_gi a^>^>3 lOOgm 1 ^Lb 4jS"L_t; <, i <i_>. 

Jlaj 4a_t_iiu>Jl 4 tb3ll C-JaJjpt_9 ^ ^ Al ^B 1 1 , 

3 )L^ bt . ^Sb_uj ^J-i.a 7.5m 4_3 L.a. u .a ^JsjlII 

^-bublj 4 L5J1 (jy <jJLfh_>-V! jjgil_*_ a 

j3jJl ^ J -u3 4 _i^Lu£3jJI 4-Z.j-j-u La 0.650 

. S3^a/Li_o 

4a3J-h /v-A 7.0g Lgglg£ 4_t^L^Dj ^^Lbi sic. - 28 

4—i—i ^ -a 1.0kg \ ,,$ r<L £ i.,t.rn 4. t B a ^lc 
i _-bu- > J 1 4. »b3 4_usb-a2^i -'v. 1 ♦ 4 _LLl^_s 

c.x,>a 4 * b~3 £_jU 3 J (U b] • 8.0cm 4 jsL iiljS 


4_^Luo^_> 1_£3 Jl 2 -jb-al ^ Lu.u 

<_ 7 a-ll 43bJH ijr Ji La 4-3 JLIjJI £jja 7.0g L^glVs 

. b-x la >J 1 4_*b3 ^3 4 -udLu3jJ1 

Jju jOLa <tl 5.9 ft ^ 

i)l>J 90.kg 4gla£ jbl J-a l_olV jJLau — 29 
c-a cb T ^_x3 ^jl — u^n a 5.0m/s 4 cj — £_uj 
4_j_j>.U ^j_j5tj 95.kg 4_Lib j—>1 $I ^jj-^aJI 
^3l is \all L)^ bf 3.0m/s 4x.j^^aj (Jb-Laji 

£>bolJ 4 C.J..LM L i.t «_->■ 1 (a.) 4 jj^- 11 ^L j>_t_r. 

4 — j (b) ^2—Cul j.o j*3ba3— til Jlxj £j\ iX.5L11 

. bib (Jic. —^obaall 4g^_pj 33j-b.ll 43lbJi 

jJSbaJLs 4 -L 3 Lb.il 4.1“i *C — 30 

J _uh_>.Vl (jy>J _SJ1 4.L 5 £yi J _x_£l P30.9 

^_ljl_3 "n ^J)l_U2 —jJI Jg.. A .20% j\j _bu 

4-bj__3- ^~4 ^ <bwi l o-^-ua-JU all 


2.5 X 10 4 kg l^Lii$ 4 jJu^- 3l5Lu« 4jjgz. — 22 

j-a O- 0 -^xllj C-i-ajLubj 4.0m/S AcLj-ujJ J.J. i ;i~i 

L^J-C 4Jub CjLj-c 

La_j_a->* BjijbLU 4 _jj-aJ 1 4JLb 

{jr t> 1—a (a) 2.0m/s ^ a! _>uVl s''^ s 

lx; (b) S^-iLxL3ll! U_S_J J-JjVl CjLjjJI 4Cj-_<_0 

4-3c_uj 43ibJl ^^3 . jl,jJLc 

2.5x 10 4 kg L 4 L 4 l£ jLL^ 

lS 1 8 <>» 

L_x^-i .L_J^jL>Jt i)L_><_} V- 


k*&>\-2 3 


4b_u 


-Uj>_a 


uJ (JL 


4_jjLiil 4 j^— 3tJl (jr j—Lj (J-Lc^o 

3j, _ub 4x33 1^1 i^C. Ij 4_j_aLaVl 4_>^xjl ^J^a3 

f 

. Ljb>. 4.0m/s 1—^ ~i r.j, «_u ajjp L;t _l—>- 

L^-Lx 4_5^)_>J 1 ^^3 oMAJl cjLj^-xII j.. a~t 1 u~> 

(J» t.«H jl, i 3 X3 bo (b) .CjL^_xU 4_bl jJuVl 


b ^_s 43>lxJl (c) SJbLU 4iju (^jJl 
.22 4Jt <.<i.U { JT 3 CjJl>. Loj bfc 

if 

Lxob^u 7.0kg 1 “<Lt^ 3^b ^obagj — 24 

J_gbj . 2.0Kg 4oil^ ^ }jJ y JUj J-4 L^2>.1 j_> 3 
Ijj . 3.0m/s 4 jlj_cxi_i 4£j->J 1 ^bol ^^3 Ju^il 

1.8m/s 4x.j-^ij 4fijL>J! ijr 3 3j5Ll! 

4 -ul J. .0^1 4_£2j_coll 1_ A 

.^3^21 {3^3*^ (JLq- a I 

WEB 

3j 3 3i y £-A 1^1^ Lo3b^3 {jjjlyu ^ 3 ! ‘ 

jb4j 1 4 ^ u xuj Lo (a) ^_^c.LiJLl 4 _^L_o 

c4! 4 -^j- 2^ 43Lb ^ 

4_£j—>Ji 4_3LL> dxjLb Ijj (b) 3jj 

. 1.6 X 10~ 13 J y QjjJjj y.n 4_^2tjLJbVl 

43 lb 4 -jjL^ x.ll 4_jb^j>. 43 lb c_^u->.j 

3j3 3|jj 4l3^^ ^jbsaoil Jlju 3|^j 4 £j->- 

•(uJLP^^^ 4l3$ jjfjQ ayi 12.0 J3b3 

ABC <^ 0 X 0^1 _tbil ijy^j _~ -A 1 — 

mj= 5.0kg 4 "t Li £ J33 dlji .P26.9 JbUL 


26 


• I y-A 


\ — 03 !—UOJ LlJUj A l J r A dlj 



(3b>f>*JllSLwUj^ ISUl&dl- sb^u>JI 


. 43_JJ-Sil JjiJI <tc.jj_u i(<_uljJjJI 

^ 4^U, 0.3kg Lg~ ib < Jolkil ^5^-34 

(_£_>_i-l Zj£-i Lg_3j23 j<u <i.la I 1 _ 7 -fl_al ^ln,, » 

2Lc.j_uu x oL*jl <^3 0.2kg 1.^ 


S^SLit dJj 


.2.0m/s 
, (0.2kg) 


53.0° l.Om/s 5 
(14.9 J£L^ *UGVi 

a_^ 0.3kg B^l ^..^1 (a) 

4_3lio 4_c_^q 1 (b) ^oLuOui! 

. x^ul\ (jr 3 jJs 1 

3.0kg Ujl J-i-O 4il^ C, A- 




jUoB 35 


4l:, ^ ^_>a 5.0im/s 4_ul jluj 


4_ul JljljI 



2.0kg Ujla-l4 

-3.0jm/s 

. 4>3 j bi / ^ U 

Lubj^l 4 \?K 11 jj-uuu L^J — 36 

^ol—ua3 ^j_Lau^uj 5.0m/s 

i_j . _>_uJ l j a i<^> V1 B.i L L_3j 


^Jl—ajj—tJt ciJj,—^4 "31 

A -^0*^1 £_a 37.0 4ujlj ^JjUU A_->Q ( 

L^-oj—nJi 4_c.^_iuj C^jL^j 4-$^. jjfcU J " >Vl 

—Bj! 4— c_j —lm ^_ 7 -ic. 4-J Jc j, j 

4_£.^uojl L_ 


-I .^JtLuOuJi JUU^ 

^iBBJj i .4 A4> i 4 \"i\ ! 1 c jqiAj l_4^i (jl -uP — 37 

(u-m/s) 5.0m/s 4^j. <tl > ^ ,„j 

. (2)^Lq»u_!! B 1L? LBSju* - La ajL.uoj 

4o^jUO JuUl 

- Uy 4^1j_i_uJ j^Uu^uif 

^JLBj^_iJi { j^>ja1\ <_£jju%uJ ^ jLuojJi Juu 

ol—>u^i £u» 0 4 j^1j ^JLuaj <>Lu>oi 

j B ^ 4— c.j—tui Cl<uL£j 4 _£j 11 

J_uu} _njj—xil 2 J! ^1 c. 4_Oj <1 r 

4__uL^jJI 4— c.j —co_l 1 i tm ~v 1 is\ Ill 

'O^S* 


• i?L>oVl jljuiit (j-CLjji ( q~l A 

o^j-ZlU ^ul j- 4^1 ! c2L^ lit 

4-Cj- un V ,u ^.1 . ] 0.0m/s ^Jb J ^ ^.^1 

J? 

XJ CjJ ^ °)i Ijj ^xJjL^a-jJl JLjlj (ji-t-oj—5J1 

.^^LSI 4^LL> 




\mlo 


:«).()• V 

O P30.9JSL^ 


f^yA 4- l ^J 1 i^yuAS \ *4 ^ .1 ^jljjl—J— t-u ( — )j —"■■ A ) “31 

4_iLj. < Ul Z/Gjl.J <q..ll ^wJL^.1 j- l J.+T) .J-LiLSj 

Jm ! 1 dl_>u 13.0m/s 

^i— cu\ qoii . X^2 i 4—C.J—co J 

JLLc —tqJt — is\ r> .i—<-a 

^jl(^rvSjlj l > ^_>3 ^jl_4^e-jljJ ^3aLaIl31 

55 4jjl^_J l—<; ^ ijljjljJi—4 

L^_i r j ) 4 < »-4 4_c.j_qu 

£jLuqiJ! &Llm {jyC -♦ 35mi/h a 

4 x.^._i.uJL jk-j /.uJ 4 j 1 <_ij_L>Ji {ja 4^ojiL^Ji 
. ^ol OJl> UsJluC. L^j ^J-o.i.ilI .1 

S4J j nj Lxua 1^4 Luo ^LuJ! 

La jl iW) D^-i <U2^_qqJ )J~2 ^jLuoaJ —32 

dul £ 13] ♦ ■ 1 if j — 

^JsLuoIlII Jutj ^Gj^UjaILo Llc-^_qu 

Juu (jJJJijJ 4_C^. ill (a) U-uuuO't 

JUjlj 4^i2.j. ixi.il 4_-ar u a <?L^ol (b) U • 4JVjo 


•f 


jLuoIlli 


4_^lj> tU j dlj.'X- Tv JJ3 jL_iL CLiAj* Luu *i [33 

jj-ojLj 1—4_l£1 _uj ^ j_a 5 . 0 m/s 

B^SUI ^jLuoGJI Juu . 4 _Li 5L1 1 

4—4—uuJJL 30 .° 4^509 4 . 33 m/s < 


—B—fllu 4 ——>Jj 

4-^2^>3t^ GJiSLuwVI ^-^L-u<ouJi 


(m) 



4^aq»J! i jwlIJl QwiaTI 


ijl 4-1 3 5 21 1 q_5q3, y iX qLulq-jvVl L^ -i - u_>» 1 

. 4jfc_q_4uJi 

4 . 1- < j 5.98x 10 24 kg q»jVt 2 _Lj_£ - 42 

(jrjj 3_al_ lUI 7.36X 10 22 kg j_» .211 

y-^iy « Cx^- -3.84x 10 8 m l. 4 -&^'y—*y —^ 

q—C—allj qlojVI q_d 4jj£LL1 4—4j-IojJ.i 4 r< £ 

. q-^qV! q>a LdmLfljo 

l3j3q -K« 51 3j3 q->* «.U,i jjq—>- qq5. " o -43 

♦ q\j*. ^ u5> V i Sjju ql^Lang-a (j^jjJojfc 



P43.9JSLi 

JqU qL5 bl • 106° o^iLuiiqJI 0 ^ ijjlqJi 

4i2_5 jl_>. qji 0* 1 nm 4 _Lu!j .J5 

•%>3i 

1 g 1 i^> j-a j 0.40kg L&jij iri j 4 ti.,5 - 44 

m 2 lO _4_£_5j rj= 12.0j cm j_ a 

^qjJ 4_biT .r 2 = -120! cm 1 $ * 

q^ 1 0.8 kg LajI jL.iLa nio 4_iiJLj 

*1 -&} ^jl. r 3 = (12.0i- 12.0j)cm 

(JjusVI 4U^i q-« ljui . L^-ilq— u^j^aj <J35JI 
^Ujl . 1 kg*cm JlLcJ ^<U-U 1 J5 qf q—i-J-clq 
^<3 tfftj^r^ ^2 r 2 ^3 ^1^*1 ^ T "41 

psMj\ iq mjT^ m 2 r 2 + m 3 r 3 

,r CM = (^i r i+ m 2 r 2 +m 3 r 2^ m l +m l + m 3^ 

— c J-bu r CM ^ ? • o*b u* 4orwV 


j3jJL! oL2l 1L> c-ulS ^q->qgL> 2 - 4^q_*_i3 ^Lu' — 38 

^Ot is\ 33 cJijI q-aju ql 4 __>.jJlJ 4jq_2 
3 jjLs 3q-5 q» q3>q3_ai . 1 ^ tA « ; £_4 qj* 3l3j 

<?L^>o dJj—:*_3 j 5.0 g l 3l3 5 qq_>J,i JjjlI 
20. 4 jqlq ^Lt^ajq 250m/s 4_cq_iqi_Q_±]l 
^l_3L>Ji Ob L7 

280m/s 4 ^l q^j cdq^3 3.0g L^3l3< 

Lq ^Vl 1 5.0 4 jJ^5^ 

. 33qa_uLLXl 1 4 Irt >«t JLlC 1 4^ iC q-^ 


1 ^3l.< 5 3q_n. 
4iHJ? . dsl_4. 


i q-J-X. 4j^l_<ji 3l^_) | 


.^C^q! 17.x 10' 27 kg 
jjv~g.c 5.OX 10 27 kg 1 n.Ji.b-1 

pj .a-^JI 3 il jskZjj . 6 . 0 x 10 6 m/s it^uo y 
X qt 8.4x 10' 27 kg 
4-^j-lm (a) <..■,■->.1 4.0x 10 6 m/s ~<u. j-^uj 

2 3jijqi (b) cJl—ill —uj— ql 

. 4^1 $ * II ffjjt *L5I 4-lLSUI 2£q»4l 

4iu5Ll I 6.9 ( ^jjlS 


y j^>JU q^- ^ 

+3.0m jlLc 2.0 kg 4 . ~ J~. _< 




40 


> +2.5m jOc. 3.0 kg 4 .ili^ -vj 
4i££ ^< 1 1 u->-3 q^ill 4 lo^al , 3 if 2.5 kg 4 ~ i ~^ 
4 ±iSJI qq» -0.5m xlc. 4.0 kg 

. ^. 1 1 ^ 4^1 

JSL4J! jLib 4 rt k." a C-JL^JI q-A 

P41.9 q j-u^qi 


v(cm) 



10 20 30 

P41.9 jSiui 


x(cm) 


. 41^11 qq 




isLt^Uuddnj iSLuis^ctt - ■;) 


\ 


■» 

/ 


\ 


P48.9 JSLZt 


iMju 4i^J! 3 
oU>olj _)‘ 


4_c. ■ 


^.i (a) 


49 


mi ~>-l (b) 4_5c_jlt 

£_u3jJU 4_»JL4 ~i (c) a !".£] I iij-ui 
.^Jj! Ja 4J!j£ <jb£Jl 

4_3 cj_1J_5 2.0 kg 4 3 _I ",■>■ 

3.0kg 4Jd~..g (u«j >._5 (2.0i- 3.0j)m/s 

(a) ju^I (1.0i+ 6.0j)m/s <cic > ^_5 

4 .j.lk 11 4_^_2»J! 4 j (b) j 4ixSUI 

. 4_ai j L i ^ it 

1.5im/s L^j^j 0.2 kg L^L'^ 3^-50 
-0.4m/s 1 4.1 f. j-lmj 0.3 kg ^j-3-l 
(a) [jj—A L^>-I_j_a Lol <.o~ I «i {in OJ-jej 

<_* i (b) ^ jl 31 Julj Li ^ TiX y^u (_i mi^.1 

. jpli<?wU Jmjj (3^ 4bikTi 4^1 \ i u 


0-° e4i^ d -k-=*-j4.l 


51 


j_j.XJLXJ .3 i " jy-AJ 4^^ 6 5 1 i n cL 


^ol «11 LI n i 4_c.j_ _ ^-A 1.5x 10 4 kg/s 

l-^u- 3-1 (a) 2.6x 10 3 m/s Ujl J _ O—A 

(b) CjL^j—>J, i ^yi 4—>uLJI 4. t. flljJI 

_LLl —t_aU ^_JI JL-liVI £jl— t u "11 t_ * nA_*y- i 

i^ljCuVt 1 ^313 5 cLL£ lit 4^^Jt 4 ^Iju 
b c.^_>JI u-ii— u±j>- . \ r.r 4_j^i3j 3.Ox 10^ kg 

.(4_u3L>Ji 3 ^b jLtHc jl>. 13 (jl 


41ujl) 4_J^Li-.)'i AdiLck 30.0cm 4 j^jb -_c_u.cC 

l> , i i jj& Vi c j.^.. 
50.0i£/m-i- 20.0.V rAtt 


45 


A, 




o~y* — 

La (O / !..C.~rJ . ~LuLb ua 




..A — -wlliP-.u- 



-jjQ isJU> 7.9 

(_^^_Lt_uJy) 4_Ajj—IC-LA ) 4.'v> 

j_ ) — c. Lc . 5 _ m | = 2.0 kg JjVi *a;v 

(3.0i-i- 5.0j)m/s <Clc .^5 r j = (1.0s+ 2.0j)m 

m ? = 3.0 kg 4_ ii^ _^ 

r 9 = (-4.0i- 3.0j)m jlI 

^ji (a) (3.0i- 2.0j)m/s 

jjj—>- .^Lu 4—^j3 cm ^ 

1 a ^-ia C.j —l_u l a #■! L^cCLq 

4—Icj.a 1 ^ 4 A52II — 4 ^^3—cm^- (b) 

(c) 

1 C (d) (jr l£. —U3JJ 4 l~t A f 1 

♦ 4-aj.I^ t a U 4oiSJl 4Zj^l\ 4.1 *£ 

Lc (77kg) ^ 3-^3 

ju-c. ^oJLjw (55.kg) Cxxl3—>J 

0-lL£^ La_Lu «:l_A C LAjI—aJI 

^isLA L_JjUaJI 4-^3 Jw C. A Jcic C.4..1.I^-LV ^ui_>U 

J^_=v Cx^j_>^11—sj—*21 jl_*_j . 2.7m jl-ju 






Lili 




La 4l>.^ ^LL-S (^^JoLtiJl 

i?L_>o t —\ ^ 1 4^l_u4il,l 

.S80.0kg 41 K c2l^ I3| JjUU 

4^^>- 0.3kg <0.6kg Lj-ajIjlaa 1 ju3 — 48 
4 kici ^j_a 0.8m/s 4_c.j__i_uJI jii<i‘i! 4 <i/>V a 

4 _ ^j\ _£j._5c_ jjj f— 0 ju_c 

P48.9 JSL 2 JL 4 ^ 3 !! 


cs); 






P55.9 JSu£ 


c ^L 4 £jl tilfc.^VI J *1 _*_* 

(J1 0.4 ^Jb 4 xj —JtJlj —jjl 

<-«<<i ^1 (s) (jL^jVij 4_ij—*Ji CX^i 

4a.milL) 4 _j^jl!I 3 /nil 4_u Lp I 4x.^—iuJ! 

ijjlSLj—>■ Vi o_3 —3 i.^ai— oJ (b) 
cr^- j4>^ '- 4J ^ l>^= -^ cr^- J-^P 

4 at< 03 -?I aj ~ * ti \_4 (c) 4 j^JI ^:,to 1 >1 

S^ajt J*J 1 t _ :r lil tiH£jL>VI 3 3 _3 L^-a-3 3 J 3 J 

4 —^ 3 —>Jt 4 u, ^ j, xJLaJl i t * m 'vl (d) 
<Jj-aU 4_^_j>J 1 4,0-4-^ j-jJtTJij ^ajae-^iU 

4 .i ^ u i!Li ^ait_<iiJl 4 _>.ljl jijJLo < ; .<a u_>-1 (c) 

4_>j *Ji ^lo —lm 4—3Vj_jl s-Llal 

4—L-i-uJJLi 4 jj...« 11 4^>-lj] i —1 ul>I (f) 
< -.uul >» i (g) —tiJi J^Vj-ji 3j- X-3 ^LijI 

1 (h) ^pit../Ul 4 JS 3 JV 42Llo ^2 jaJuil 

(3U, jm-o 3 (i) 4_j^-*Jl 4_^v_>- 42 Ho ^3 j -1 ♦.*<11 
£>> L*) .(h) *(g) ^ oL^eL^VI < ^ 3 

4_2UoJI J._ a. 3 ,^^2 t..< 3 . mil l_ aa ^ol_uo_JlIl 

. (4.^K-,U 


[ 4 to i ^ (m= 46.Og 1 ^!:.<:) cJlI^>JI zpZ —56 

'P^- 3j-SLI1 ».U 3 m-ll 3 4VI J_>3 45 4J 01 Jk-> 
o_jL_^ 151 .200m j—*_j iP ^-3 ^^isjVi ^_La-t_o 


Ua 7.0ms < _ ij~is\. 1 I 3 3^$2i {jM-* s5L* 3 jl-<s 

4_aal 3,a 3 j_3 JLo-lojjJj_ 4 JI J-i a 

•(*W« 


J-S3 8 . 0 g lfr i t* 4 _^>L^oj i ~<S 1 U ! -57 $ff| 

1 ^ £ i 3 1 Ji i 5 il_cuJ_C 3 Jt—til i A 4-3 L>. JJlC. ^j^Lcu 

(jm) 4 ^ >1 . ^Jl /, .(P57.9 JSLi) 1.0m 


(j;r Jt} 41>3 ^jLjfcil 3l_3_) 4^Cju-«-u 7 -jjLuo — 52 

jJsj 3j_ 3 J-uo_5 s-j i.^- 3000rn/s 

j!Jl- 3-4 L« (a) ^j^xj jj^lU 24.0 Ls>j 1 jl_ 3 -a 


(t'>^ ! 3 - 


3j 4-ajU til . r s 3ja_3„.3i,i 4i3$Ji 

L.^-i.t] AX-j-l^s ^xsa.31 ( _y-A L-i * x jLsJ 1 

^3 {jtp.u J1 0^a 4_^j_>J* i Jj> ijj j 1 

i.^ = 5.0Km/s cluI^^ 3_e„3JI Jq-xj;^ 

4-jji juxjVI 4_t< .lr<-5> jjjo 90% jjL Lxdc 

. 5 J^j. 


^1 Cci 3 H p& — tx*}\ j V . ~ » « , » 1 jJlc. -53 ; ^j^| 

3.0 (JJLi ^ylc. 3 jJl 3J1 4j <±XJ_^J (ja 4th 

_C<aj} p\-i 4> 4-4JJ—4—>Jl) (J^>—3_c 

(a) lOOOOm/s 4_^ j. ^ (lHI^jJLI 

^oL*JJ 3 L<ii 4 _c.^_i_u ^ILIj jj s-d^-^c-zQ 4 _i jJ 

jij— 3 —^ 1_ a 2000m/s U>j! j_3_^ 

_C— 1 ^x 3 ^tU i 3 i t a 5 j-Uj 

jA^LslU 3 Li 3 -J 4 -C.J _UJ < _ ;r loJtJ 33-333 

wUx-u^J-ll^ 3^33]I 4 ;!jl^5 Lo 5000 m/s 

.S 4 JL>» 3 Ji 4 i 3 3 ^jLaj^Hli 


1^13^3 2000kg 4x:jl^ l^3lVs ^ 3 jIxo 4 33 X. - 54 

i^yJlt 33 _ 33 JL 1 _aLau 3jiai>s (J35a 1 -4jJ_c 

(jyjt ^3LjJi 4 _£.j _i_y cuLSj 5000kg 

33 - 23 ]! 4 —j—<s—^ uua. 0.1 (a) .2500m/s 

Jlxi.! ^ 3 jla^] 1 4j 3 C. ^jLuuJ ^2 <LxjLStXuuXI 

^' 30 -) 225m/s i>>r J! 3 Uju L^qLqj 

tuis < 313 ^.V 1 Jjut^ ^ tjJ (b) (500mi/h 
^ajV—II C-x. i - u >.i 30.kg/s UJ rL 5 

—4_Cj-taJi dJu S) p-uzj P'i % 4j3-*11 

.*. 134 ]! 4_43L3_«3 dJiSHo.Vl 

mA 

60kg 4- Tt i3^ Lxo.itx3 3<4-*3 «> 4jLxx_o “55 

4 oj«c. (jr Li j. 32 j 3 4.0m/s 4 _u!jlIuI 4 _c^^i 
.(P 55.9 JSLi) 120kg \+Ai£ J 22 

—o. 4-ij—*Ji ^-Lxxxi z^-lc. ^^oit_txxli 

15] . 4jj-» 1] 4.Lauxilj (J3^x3 \ 4iU ^yji ^JxO -1 




ISLtaUjjtftj I SLuiSC L i - (JjVI»t) 



■ (^La- nil) j»Lj (pi 1^1 ~i oIJlj>.Li 

V' lr-|_l (ji ^y \ -O J 3-4 Lo 

. 1 L^jJI 

4_ c~ y ^u_) - * l-»" 4_j\ ' 3^-jl_La - 

,U_i-al JaJ l jJjl (223m/s) 500mi/h 
80kg/s Ja_ !j— dlj —>JU JivjL-i 

0_>L£ |jj .3kg/S J 

4 _j_x_uJJLj 600m/s joL*Ji 3L.OJ 4-c-j—uu 

5^_jLLn_J! 11 I 3 _^_-Q sj i_* 1 .,... 1 i5^_jLLai-I 

. Bllojtii 3j JJ 2 JI 3 

70kg 4 oil.*C g-1 4Uj (3^k_c jljJj 

( 33 ^ ^ a Iu <_£jLuj ^ n.<- u ! 

4_i_4_9l 4 i^'tA ^a-£-Ju . 300N Ujl J 4 >o 

^jCJl 20 kg 1 t'A'iX 

ya <J_al *J1 1 J iJ . f-jj —<laj— 2 — 1 - 1 JI (<u<j 

IjLjS .4 i^aJcjl {_yA 4.0 4 ij 1 (jj 1^- ^ (jj) ^ 1 4111 

t> . 4000N/m <_do_il 3 

S^-iiLu-o 4 ^oLuoj (3-^5 3 -^^-*-^- i ^J- LJJ (a) 

i^s j 4_^1_(b) 3 4— 10 J - 1 1 

Llil£u >-*$\ {jt (jJj—ajjJI 

, (4£^j>J! J^L>. >L«i5> IjujIj 

o* 4- 4 _ji^j-cj e-i 7«i ) £-3 JlU t U n^j 

4_Lj3J3^o 1 ^ 4 j 4*41 (jl 1 t's, 1.4 (^yic 

Cx-iiij 4j <_L> ^-t-un a c. j^-i — 1£ 


P57.9 JSLw 

^ol ^ jjl _l_ 4J3 J4 "11 
i 4_<-u-=>» l.sj<>» ill (j-a 2.0m jju L^ic. 

. 4_u^L i^d^AJ 4_ul JujVI 4_£.^w4_uJi 

62 ^j^ l. .< J23 ^ 1 ^ 4..(r-~>Li/-->3 Ci < 111 ^ 1 -58 

^J^ui j h L^lLxjji ^.Li-oLa f a 4_£L>- J ulC 

Jiwb 4_^L^3J1 .(P57.9 JSLSJJ 

julj ( _ r I^. <32111 1 l-i2 < *1 i ^jL^Oil Jlxjj J^JI 
4- C j , M11 4— ‘.t-LX- ~>-1 . A. \ tl~> 1 1 t ad-C. 1—3 <j>5 0 
. 4^L^Lt^3_lj 4_ij|jLu^1 

80kg 4 ~i\~i ^ A t'r\ 4 59 

63 . 4_IuIj 4_£.^..«.u_) 3_j_laJ y.1 tsn 4 4_L^o_i_u 
4j^J <3j x<n >41 pl_L^i_2il Julj 

3^ "< 4 «jj 4_JLx_3—ljxJI ^jiS. C (j^-^JJ 

t rtl^. 30.0m a t i ^^ic- 4 .^.t £u jcj >»3 4 Ju 3 L> 

. t ^ 1 4 1 < it f f l_j 2^3 > .i 4 J !_>. ct ^3 ^ f 1 2 _i-i31 

4-3lJ3- Lv 1 1 (jp3 4_»_3wiJ 9-^Sm (j^l (jjJ -j 
3 4 i u5 j_3j <j! ijr & 4 ( q 4 1 -uJt 3 j3_a1I 

OjL^ 131 . 4_Lj_4_i-oJI ijL- 4 . ti 0.5kg 4 _xJlL£ 

4—l u 11 JjLi 20.0m/s (jy& . < a 11 £ 4 ^ ^—«-o 

(>J 3 ^ 3 4. 1 . x - 4 . <«il! 

♦ $4-Lt4 i.*Jl ^LuauaJ! 

64 aLv V.," (80kg 4 ,"i l*i Hj - 61 

, jJx: . 3.0m Ui^Io 4 .j 2 _al L-Jc . 4 _^jj-^ _ 

60.0kg 1 ^"<1 i t*< 4-.41 4_^3_3*Jl (380) 





1I I 


<_£ o' —s!^ P65.95 ^JSLx-u-JL) ^-i-ro^-^a 

1— 3 J j) i <~>J -^j —4_l£ 1 ji_t ^ ~> 4 LL>. 

^_i . 4_ul^ii> 4jvjJja ^ jr lc. y> ^L3Jj-L<a — 66 

»—l —j k oy —S Cx.jLj 4_! l !\j jljj ji :>Ji 

4 ala £ (JjVl I -LjxV 4_.o 2 _iiJI 

m 2 4^1i£ ^liil Vj 4j_x.j-^ ml 

P66.9 ^U2>y 3 i-a^ V 2 4jl C.J-UU^ 



P66.9 J5^ 

t-ilj.—uj^JI m | Lil joi— u ° * ■ L_xsj—i^. 

lLx* t'n jj ciJ^ oj—^ m 2 4-LTi^LIIj (3 j: *d-ll 

(2)l_5i^_ll! 4- C-J..L LI Xftl 4-3 l < ll .Q is~\ 4 I 

iV 2 iVj 4JV_U JL_>-^I .V i _ :r ii L<; 3 <>> t i £_>3 

^ ^. 4 ! XLc. v 4 _£.j_Jl (a) k <ra 2 <mj 

(c) X m JoU XTljl lS\ 41 (b) dal « )1 

1 <j 4l — tS\ “tli /?2 j J—3 —CU <ji J—*_J 

. <-dj-u^JL 

j I ia Lt^C. cO^lj (jjjJJlL-S J-ajJi < U 3 < <1 j '67 

j_uoj _o ^_A 1 _a—^ 5.0kg/s jJj— i uoj (J1—<L> 

^-o- ,,.11 ok-^ \'4 P9.67 JSLoJL 

4_IuLj 4 w _c 2 _LiiJ dJj—:*- ~u 0 jtl—I fil A 

4 _i 2 _s \ 3jx-B ^___uG oxi 0.75m/s LajIjl-o-^ 

- j j-t-uJl {^jJI (Jr* ^ext ^—4^ 

4_^ 2 _3nJI 4 ^_t_*3 3^-*-^ (&) 

oJiSkL^Vl 3^ (b) *L>2Vi ^ 

*>— 2-11 (c) ^ 2 ^ j— j— tJI k _^_3 

4 ix^ui^j JjJuXl jJi-jJl (d) F ext 4 ^xjUsJl 
4 ^j->JI 4 i>LL> (c) 3 jl^I i^JI 4 _uUiJI ijr B Fg X ^ 

(^38J^ 4_qjl_J <_LxSl—(-oil 1. g q—tqj. 3^3 


J^oJL) 1—k— 2.0x1 O^N/m 

200kg L&k£ eiu(o3 ^j-li u3o_3j . P64.9 
ijft «. M jl ^yk-1 45° 4 j^I^jj 125m/s 4_c j_cuj 


4io£3^sj j3jJ.l 4lr^ o_)l^ (jj (a) 



P64.9 JSui 


oIjljjI 4_c.j_i^/ c-< < u..^1 .5000kg 

Jol-«41 ol ' in 4 I O_cu_jxl (b) 

<_il^_jLjjJl L^j ^3Jm 3^_5 ^ J7 _uoJb1 •>- i (c) 

4-fl j In t U ^jl (d) 4-x^jJ.I (j^£- 

JjSj . 4__3jJl_3JIj j^jJLi {y* 

^Lut 4l4 ^ a .?*-*3 4^ajk Ill 4^^-xJi 4_xxj^ 

SV liU j! iiU S^kl2JJ 4^ 

* 

M 4_qi£J 1 l -g qJb-5j L L^J^-L» 41 <.n \ jju <Zj£j3 —65 

I -3 fljia i«i!l yA dlyjr a “A 

£L A&J-A \-q£ SjLuaxa 4-^.^ ^ylaiqJl 

P65.9a JSLAIL 



3j i>>LU L-3-i y 3j—3JI lxu 

X 431 ,< a A 4.1 t nl j <21 dcSJ^ i. A wLjUl 4_Lt.ii ,li< a 11 



ISkalkdLS’tj tSLulSLttl -J3VI 



0.730 -n 


6 cr 5 o r d d a y q a & a a 

**67.9 JSLw 

i.... uL . 4 -j lJ cljSs V i <Gi> 3 . 

( 



P69.9 JSLu» 

kill . L-da—uOjJI ^j-* 0 ^Lluaal 3 J—*J 

i 3 ok Oj bz. —tax ^—d—^ r-L -u 

«L^_a>JI IJ_i_3 (3j33^ -J-* »-ll kjkJl 

dJL < \3..>.Vl ^Jl ^ &L . L^j olL^i 4 JjLsi__43 

cj!— £j —>JI c. (a) ^Utlj 3 jJL>^ Cxh 

;jji (b) J*kM) 4 _a^xJU11 4ajLd41 

^jtaX J LoJuuJ ^Llli 4 .1 aktiL) (Jrtla.ll Ji->. JJ 

<Jjfc (c) Sc-ijl—SJ1 i^yA J —■*— * —31 kij-LxJI ^Ji 

rtl rt ,**-1 1 41 H-J <jJk_u_>aV! t ja3 ^JjLLsJI {jS./$..jux. * II 
4 La2-} Jaaaj jjl 1 g <i v rtJa <ji 

I m 

J> 

ik3i_<31 JjJlJjJI 4_>j _xsJ 4_JLLa _st.3 

(_ 7 ^3 kUj 4 Jl aajj ji ^ >» 4_xa jk*_3Lac_rt 

4_JlaJI CjLjLlJI (_3k Ca-Ltaax-j 1 1 .9b jjSLtllJi 
Uk m 2 = 263g 68.8g Ji~ 8.68cm 

1 1 ,9a (JktaJLi l—<k 1 ^ i-tiagu 0W 

Vj- 4.. lMjlJ 4 _cj_^Ji uo. (a) 

l-^aJ^->iJ <j->3 ^LjJi (b) (kojJkJJ 

<-dJ]}j V^- (^-k J3—ua—>J1 c-ijJkJU (jl—£ 


70 


JjjjJ 1 4_>.lji Lkkl 4kjJ_£ ^^UaU 

X 4 j rt 4VI 1,,^ “ ^\}\ ^ Lftjl an.^ i j^C. 

ui cki .(P70.9 JSLi) j 4^1^Ji 

(JT Jb 4ajl JLxjVI 4_£_j_ki 


nc) $(d 

L^.u «M.- 360 kg 4-kk]l 4iik 


c.r^ 

k ckkseJ 

Ltax -68 


/ -.«>—-“£$-> 

i ju.a-j. j kJ—330 kg 

, ja%;x! 1 (3“U t Ltaa-oJ 1 ^5^ (j^kcoi l 4^J 1 
^•jauj t =0 Julc kj—>Ji,i lJt-.u 

3 -J —*-<^3 1500 m/s 4—c.j—caj —au_5L_> 

k / wa ^vk^>Jk 25.0 kg/s ojIj—^ _« duLj 

LAjIJi— ko 4_u_>aj Xji—l. a I ^ ^ j—(_y Jij— 

C >^3^ c _ b 330 kg/(2.5 kg/s)= 132.0s 

_} c_BjJU jLkkuVl 

™,_ 360kg ‘_- 144s 
p k 2.5 kg/s 

4jj^ ^->J1 3 

(a) 3^^>21 kk -3 

4x.^-uu (ji-B ^Laj) 4 jI C<_ul 

4^5kJL} 3yj3^^ 4Jk^ L^jI k>r. 1 

v(l) = -v f ln(] - ilT p ) 

4Jlk ^JjLuaJI Ac.j-ljs Jaau M-klf (b) 

^J! 0 {jjo 4_ilajJI SjJliJl (_y^ i>«j-i! ^ 


CiJ L 


Jl £j\ _c-j 6> C^il (c) 132s 

4^3kJLi ^-Lxau 


t) 




(d) 


1 j! u 1 e 


a(t) = v e HJ p - 
(e) ^JJI Jz 3JIj_^ j 

4_*— Csy-A l j r a 7*3jl_<-kt 

3 _A / =0 JL lc tax V1 

x(/) = v c (r ; ,-/)in(i -//r p ) + v e t 

^ 33 3 ^kj-Lx J-Lc. 40kg 4-Hil k t ^ /•> < —> 69 
<jr^ o 4$ 4.0m <Ujlsj 70kg 




I ^‘rrrt :£Lwl34l.^J-'-akj! 


uL 


u 


L£, 


3 m iin Ljjs> ;!j_rt_« (jLlllS -72 


rffli 


L2>lj_^j^‘i 

HJ UJI 


5_j_>.Li m SJLiSJl .Vj 

. 2-j-s-Ii 3m 2I3SUI ol js^Z L-« 

1—ajl_ uZ (ji ~t~5li 0->ol_uaj Ijj . ,j-_a_J1 

(j-ujL ( _ T iic. jjjj L^-gJ-o L3j_a L$_>. I 

JU 4kl^JI “iLjJjjj! 1 <_t_u_>. I . j 1 _Sj 

.4±£ 

^Lc. 3m x/77 -73 

*Uj' 4—i-jljt—U^i 4 cju-I i i i X — xa 

1—o-Lu jL^i-xJi 4.- j — > • U m 4 JLa£JI uilj— y^Su 

^ jl_u^_Tu .^L^—jJl 4 _j_>. 13 3m 4_Lt£3 [ <jJj—:*_Hj 

Cko—l~3j—_rc_La 1-Jjw-o i ol U2 3 (jI—jJlLSLI I 

Ja 4»V m 4JL&JI 3 

00 1—g_&l_>-_il 4 jJj) ^ C 

Lo (h) $4_Ll£ (J-S3 4_uL^jjt 

.‘53m 4_b£3J 0 3jl 0r< f.frVl 

: 4-£jw^_U 4 _LsL^1La CjLj^-I^>j Cj^Aj -74 

o* eA-^ t^3JU ^ALAJl o^>-^ 

x_—i— i_i_4j_j < i.<.-^J) (jA* 1 4 ■-jl-5^31 3all 
j^j-o ( _ t jJ ij A-sUo —4 jj.1oj j 

fMUl ~> JI ^y-i^ ^3^31 Ji_jJi jl 

• \j 4afsjk>-. 4J3U0 {j7 3 ^_xA_j 


<jl (jA^- c j-^_u >31 4_t <a 5 — 

J... J . & "3 1 o-uuu ^< u .u >. (JT i c (jA^-3! ^-bjJI 

£jj La_J j .1 *> AJ L - ta ii, 1 0 JUi> 1 4_ua^ 

4_A±L^ ^..x-xi. >- .oM-3J! uiiLijAixiil ^ALla ( j\s 

7.0jm/s Lcjucj 3.0kg 

5 SjJ. I 2.0lN LiijijL^c 4_il^ 3^3 4_tic j-3jj 

^U-u_s3] 4-qjl-^ 31 tail C-x x.it.Twl (q) 

(b) A-xjc£ —^3 jJI 4 jj IX ) Juj^ILx_uL} 

a=(v ^ -V^)/^ 4_3 >LaJI ->C 4_cjl_^ 
a~ ^F/m 4 !s>UJ 1 ^ ^lcjL^ <..^^^1 (c) 

4_4_t3 (_x_cxi>-l (d) 

Jjj_di i,■..,,, a.1 (e) r= v ; - /+ I at 2 


Ui/ = 


a/ 2 v/g 

J 1,^3^ 4-5^-^*-11 La 

O' o“'— uM- i i 


C^-ol—3 f*-£- 


U . v = 85.3cm t x- 257cm L^LJv 
Jz j- >-p (j! J^i_5-sJi ^ 

3 . < 1 ..j a ll <>j_A (j<j (j^-a.11 1 JjIaul5 

-(a) ( J^-uaij>J! ^tu ibvuiJl5 


9 

/ 

T' 


v„ 


P70.9 JSLi 

«Lut jGjt 5.0g 1 g~il~i^ djtasL^sj <r» 511->t [71 

1.0kg 4_~Ji.!^ JSj 400m/s Ltj U 3 fl 

J k Xil L l. «i k 4j)il_>- j^a-i (_ r S3 

jk— ^ L£L—, JkkJI I jj P71.9 

CXjLj <U tiJj-ujj ^ aj (jkLo! Jo .si 

5.0cm ljLa_« J-aJJI 400N/m 

(a) (—1—^.1 —a^_uJI Ju_ftj a 41 4 t—^-Ls 


(b) j_j-S—IxJl {yjs 4 -l^al, LOjl\ 

• joLukiji Jb 531,1 4bLLi]! 


•100 ill. 


^-WNM- 

W&kmmmmm 


5.00 cm 



P71.9 jSLai 






ISLyaLuISLulSLdl - Jj¥f fjajf) *U>2ifl 


CajLj Jj_jlxuj u^— 1500 m/s Ujij_3_a 

o "i t it a J^l j "x ~v5?l 2.5kg/s igj 1 j a a 

330 kg/(2.5 kg/s)= 132s it 

4_Xj>_>2i ^LJl_>U ^3 j3^.l. 1—4.53 i ^a.J ~r ~i i X 

4x.j-i_iJ{ (tl) wi->-jl * ^)Xjl 422 j2o LoJ-^r~ inA 
\ ^*la3 ) 4XU20 (b) £jjUail 4_2 jL^_(J 1 

. Jjl^X>-5?l 4_JUc f.Lul 


(f) W— Ft 4—!a5i—*31 2>- <1 —^1 cr^ 1 

425U2I {jji cLul^XJl 4_Xj->Jl 4XLLa t _ 

4^LL (g) 1 mVf 2 = 1 niv^-Vj 

. X mv?+ W 4^5UJi Qja 4_X1 #2I 4^J! 

Ad- — 360 kg 4^2X21 4 xLX ^^jLuo -75 
i 4>_4 _j j < it 5J_a jjJhj 330 kg (jyh- 

J^aJI ^3 <jJ^>2J Ij-uj ^v 0 4X^->21 

4 j—4_c.j—t_u_j ^oLtJI j 3 Jj . t —0 j Xc. 


ANSWERS TO QUICK QUIZZES :hC^uJI Cil;lui2l fcU 


(J^l (j-^j jbi-b _j_£_S LiiljJj JJsl 4 ~J'i ‘C 

bjjl_£ (jlj ( _ r Jj_>. IjlSLai .d 4_si_ijJtl j_Las 

2 < 1 (j \a . .■ j JI (Jc. o'-j-aaieJb. uil (jljj-lli 
4_i a5 ^3 ^_lJljJI 2)U 2)Llb^U22a 


IjlXLa . JXl A/ 2)5? 2)>XX 2 ^_<_u->21 

4 XI j— j_iVI 4 _2j—>21 _ j— a—X 2)1 ‘■Uf >-$ 

.Pj ^P2 2)p^ ( ao L 4 ^^X) ( 31 — 

2^ 0 5LX (JjJuJLl W — Fd jj * r« 11 

1 a < u a) U-& d ^F 2>-° 53X 2)5? ^^ L bu.L>a 
. PI — P^ 2)5^3 IjAUj ,2P21 j> 2! 

j-j-oij 2)^ 2)1 c-Xsjj 2)1 >• (4.9) 

4__ui J_IL)5?1 3jLl-u21 4. £L^yj_u 4_^. j_^uJ 

(j-^jJl) 4^2->2l 4 j <1 5 J J ♦ill 2)p3 
(jyXJl 4—2_j2-^-1' 2)-^ j2^-lJ1 j 4— X 


jit tfU 2)^ l-^ 5 *—bIXjI 

2)1 5?i Bjjl—j—buJI 43 X 2 4_X1 ^—^.11 3jL 

l_£l3j_j 3jt j. . 1 .31 4>Xp 
SjLi-o^jl UXu c i j^o 52-2-3 j->. Lj 2)Lo5?1 

ajLu 2)2^ i J-^i cdkiA JlJwLj 4_ulj_^JI 

^ij—>• 1 4 i JJ J .i S \ 3^-Xj 3jLj 4-all 

J^Ls clAI^II 3jL_o^J!^ 4U iu<fu$ 3j_3j j ■> 31.1 

CJu__5tj 4 _ojIj_^J 1 ^j. 4 j.A~) ^ 2 b . 

3_)1—bjjj 1 2a3i_ >0 . J_* 3 1.1 4 _i*i 

4-^3 U3In 11 /y 3 u_*XljJl qjj\ j c. 4— Alj) ^11 


^3 2)1^ < >-^3j (wj— ^ 2 ) 2)512 1 2) 1 - ^‘ (1*9) 

l-<i X)j—X)2 4-C.^-^u 11 ^ uXl t oL>»j5?l ^yuM-i 
2)1 5?1 .4-^2_>Jl 4 ju$. 5j 4X^1 4_^LL> ^<>3 s 
2)1— 4 —4-41—>21 2j 1-£ 13] i_>■ j ~^—j-^> .u 1 iXLJj 

(_)Aj5jL_>o1 2)^4^ 4_£^_iuj31 ^juUXJLi 2)1 J t —'-‘ l 1 

U^3 ^2 ^11-^1 oJJt> .2>Jjl-2aJLo 

131 JLXXt j—(^,2^. * P 2 1 X 3 !—‘-“35? Pj 

2.0m/s < 0 £Lj^jj 1.0 kg 42LX cd^>o 

4.0kg 4 j11~ 5 ^uu->- 4_XLIa ^j-uuu 4J 2)3X2 
j—<^_X 2)1 ?«- 2 a lj 2 >X 2 j 1 m/s 4 ."> r.j— 

. 2)lXaXi>^a 4Xj^>Jl 

2 )IX UK 3^21 cjIIoLj UK (a) j(c) j(b) (2.9) 

4_uK cjjIX Ijl L^j LiJUu-oVt 

3jX 2 452->Jl 4 -la X L^uaiAJ 4_axLaJl 3^)X2J 

2)1 4-*^^ 4 j j la! 1 BjXJl 2)^ 11 

3^X21 2)5? i < *t-< 21 4 £.j-uj 1/10 2)_$X3 

. ^Jj)_ i .i-u-t 2 \ 3^>_X 2)-^ CjI^g 10 ^)-Kl 4_j_ilaJl 
2)U 4_X > ->2! 4 _^LLs 1 <i 2)^ '31 U»1 
2y2 1/ ■>/10 4 cj la II 3^X2! 4—— uj 


C-bJ. 


a dlI3j 


3jK 4_C.^__uj 


jL«a21 2y» • P ‘ 


4_Cj_t^ ^j-oXj L^l 2)jXj La J Ic. 4-j ilall 3jX2L 

■ OjZ 

jX\ ^jLuj (2) 0iS2 . (e) 3 (c) (3.9) (2sX) 




jjiy 4-tlaacJl ' 4.j t^urGJf ^Jtr-wlTt 


(3jjjj) 


4,l^.fl-i {j! i-3i—i-u jliJu-C. i^J}\ 

^yGk l l 'sS_)^ ' —^3“ tm>J 3 * 4_tSl_uu 1 x:^Lj 

.l_JLu3 uLGL>- *~a ^iijjLi_*-u ajLx-^uj La Juki 


Lit 4 — >J1 CjJ >o jjl . 3f (8.9) 

4_£^_j>J 1 <_4—4^ . 3)J— 4 jOLualJl q\ l_L4o^Jj_3i 
ITI mV (jjJb ^ jl tr\ :Ji ^Jul-S 4_a^lak -a.U 

^ol 1 £ 3 r^-m X) ^ 4.13*3 ^y_A 

3)Lj-£ La jJ ^jy&jMi ^jl i^akl I J-JU . 3^_JuL_u^a 

. u/2 ^ ,j u i m Lo-^i^a 4Jk^ 

^.jl_un_lH JLjlj l\<U 4_£^_av 4. j ^ ^ 3)1 

Ij_m(u/2)+ m(u/2)= mu ^_& 

s-iUj £_aa -4-Ii>j- O-Zz^a 4_£^_>dl 4 j ,<y ^ _3 

*^> y ^J—j— 3 4——>J1 4—BljU {j [—3 
\ - ii^\~t 11 J_*aj Kj~ mi) 2 \£y\ _<-G 

A^ = m(u/2) 2 + m(u/2) 2 = mu 2 

. 4_L y a ~^-a j. jjz 4_£^_>J I 4u3 LL> ^jl ^\ 

^Ctlo y 3 -*-/a 4_£>^a>Ji 4 _£LLsj 4_^j_>Ji 4,j <i £ 

—>.I jiLu 3^. dJj —cr ..") 1 -aJLul iLi 3 4 

3)L^_S JilLa ki^ -~*~ ~3 La jJc LLju^j 

• !>?■ s^J 


(9.9) 


kail 

L$ka kurLl 4 jlL^U 1 3>- 4 jJ^I 1 ^3r<*S 

3>^a <■ AikC x;l 1 j_ov3H <__3j_IaJf 

j^Lja- ^-U 4 _Lx3j ~i *31 ^ilij 

. t_jj—uaJJ ^In ^ (J_j—S 4_L35v.ll j_^_a 4 Iri 3 i 

4x.j_i32>^-c O j - j - X-i^y 2jS^ 4 -jlLxB J, «3 t ■>! 


JlLa-i 1 _ :r 3J i 3^_£J 1 . 4 > U 4 4J3-^ Juki 

4 U rt i ( j-C' SJl-UUj -jia-JLl 1 4.^1^4 

4^uai ^ jsVi a±^jt ^ 

4i3iil <__ij_o3D IjIjjI ^ Ir> >j 



_3> t 3 1.1 




Jkwlj 


^j_<s JL^G . 4 _l>3 
a Ju-Lc. t_ 3 j^-LaJ 1 j_J-^ - 11 * 1 

.Gl3;L,. 


uG.3 .4 3^SJ1 1 _^jLj 4_^aj2o_Lll LlB^. X. I jl { 
. 4_lo^_i2_^<i 4£^>J1 4_i_c^ o^s 

4_ j _^3 4^SU1 4—C ^ _j_u jlj,_4_1‘(_uul .l 

3 a-_3 jjLi j_3J1 i_iLl3 ^<a_3j 


^UL, 


■^j l 


*3-* w- 4 

L l2j — c. ij] tkJLlj . 4 Gj _*Jtl 4_l3> < o 11 

^jl_4 *>^Lll 1 —^jI LaA 4 -A 3 kill 

-v- 4-La y a -*■ a Gj-^3 4 _^j_>J1 4_.l.<> £ 
oyju jGL3j 3^SJ1 (y\y 4J^_j>. 4.j a £ -_p^j^yU 

3^£L!l >lr> t..^j L>3jGc 4__i_}jL>Jl 

^c-jJLj) L^lAd-ll (3^ 

10 25 J^l ^^j—^ J Cy* 

^yix. uli^_^_iJ i 1 Ju4> . (1 1 4 £-y-i-u 4^w<3 

(jr B J j t lllj 4_^J_J>- 4_1_^^ ^j- 4 j-aJt) 

f 

J-J ,Jta H U JJlX. 4^^_>. 4 

^l_>ol o^SLIi 4_j— ( _ 7 3 

4__l K _ ] 1 4_^j__>J1 4 j. ^..‘C 1 . jLuka >a 

jj-^o 4-j_^.-,^ 11 4-aj-lkJLcJJ 

f 

1 Jjx Cij.-i.i^ 4.1,3^ 3)1 Q-lj>-J 4_loj)r? Jt a 

.^uLvaJl 4 _laLI3.4 3)^-^ 3 )Lb 

4 x ja£ ijr 2 j i ±£ j j *3) *3 (c) (6. ( M 

1— aJJlC. k i J 3 < ^ 31—oil ^ (jr^! (4_$J—>j 1 

L ^ ~<5^_>. 4._i.^. < C 4 j*3L<5-4_l£- 31-11 
CjjL_st_aj l 3l--3rU 4_3 Jl_Sj dJl ui /oL> 

^Jj ^-^4 (jr u2t^\ 4^J3Gll ^ L^ojllc. gUj 
L^ Juki Lkcul ulij J GjJirtJ . klkk-u^L-iJl 

. 4j>Jj3-ali 3JI i^AJ 

yy is~\~ . c^_uuJl o “ a i ^-1 1 a 4 jK (7/M 

3b 4 1 O^- 4 uh 4 _u^> 311 u_ualjG kJLl 

4—Ira <->a Jol_* tkul <-iUju-^ _tuGj 





(^387) 



6 J JPCA 

CD oi (*>--* I J-a 

jjJj Oj-uASJI e JJt Ji'lj 
\ ft ~i t~t .4 al* jt .a CitC jjji 

^<Lc! jj,t 4 j if 

3jt A -V " i n"V liU 

JlIc. 4_u^_aJI 4_t 

il—£ (J£ 9 l<~l~) 


Rotation of a Rigid Object 
About a Fixed Axis 


y^j 

10 


. i .llJJljj) r t_)l i, 5.10 

Calculation of Moments of Inertia 

Torque obi -N j*J - - f- 6.10 

obi^ 1 CW ija^UJi 7.10 
Relationship Between Torque and 
Angular Acceleration 

Sj Jk^lj 8.10 
Work, Power, and Energy in Rotational 
Motion 


> (J^x2iS\ I JLfc Q 

1.10 

Angular Displacement, Velocity, and 
Acceleration 

i4i ./ibjJLlt L SL oi ^JLtSLH 2.10 

CuIj i£j\j £pLuIb2Lufj_$ jJt 

Rotational Kinematics: Rotational Motion 
with Constant Angular Acceleration 

2Lda£t}l utL^ll 3.10 

Angular and Linear Quantities 

Rotational Energy <LuljjJih iLsliall 4.10 




ISLulSLdf- *bj^i 


^.i.ti 4_L*utJi 4_LaL*_A-i yt m i3 Jioa ij^_^o (j^j>- - i -^-' £i j>j wU LoJ^lC 

(J^Jn-3^1 t l.o1 1 tjL^i . 4. jIn ^ CjLc.jL-uj^ oLc.j^u 4rt.i~ >J0 c-lj-^jU (j^£j 4_kij>J ^1 ^jV 

. 4_c.jL^o3j <&£-j-t-u <*£ la (JSU fjf-a 4x. y c^sycS JuLa- U ^ ».u_>J i ^Lilc.1 

^ ■uJ'kJ I ♦ fr-^-'-i.■!->- j.uS>U ! j)! 4_<_«t^ Jkj 1 > lot lu+i i iy^X-i ^0. < it**- £-A J>al » aJ 1 Ji_lC. 

(jy 4^UI! {C ,aJl <*it n->Jl 4^i ^i ~<y^ >~»i 11 j> j >"ill jJjL^Jl jyc. *>J' A rigid Object 

*>J1 (jl_3 dllj J—* L* 3 JL>J Mill ^^3 j> j..t ~i 11 4 _L)Lb i u 1 . 4_I*jLj 4jLo_x-cii^v 

1 j_& . L^.t- 3 ^j SL t . uJ 1 ^3 /^-4-j (_y3Jl (_J1^>»¥I j- y 1 ^ ^ x j 3 a *{_*-*-“ L>J1 

. 4 4_uljjJ 4^jj>. 1 gale. J).! In t La LJlx. tC-ulj jysz-a (Jj_>- c ( _yjj\->^J I C^LaT* < „ 

i v l,10 

ANGULAR DISPLACEMENT, VELOCITY, AND ACCELERATION 

CIajIj jyscA 33'-*- 1 3 1 ^3 yu^a i L*a ^JSCuJ ^<~u->- 1.10 ^jSCuil tsiyj 

*Ay ojJ^~ -o'l 4la^ * lt j4> O J<C rJ\ ^y i II4 j^kII . 0 yy 

P JlIc IjLA ,*-Lur>J (jyjJi CjLvu_uj>J i ^\>s 4^y>- ^jyic liil4 

^3 4 4_2o 2_>J1 {jy^) r L^Li 3 ; n ts\i ^3 J3^i3 4 t~jg s /* C_uIj Jju ^jyi^ 

P 4 n <11 £_j3=>yjz (jl 3^1 (jj* *(0 4 lo a )H 4^ «» ->J1 

4^1 LJ! <_}jLnn ^aAc. 0 4 L-\ ^ ' ^j_a 431 i.u U ^j5> Y Cltajv. *(r, 0) 4 v CjUjIjl^wV! 

J_L>.^J1 (jl-B i»-LUj ^1 JLrtZu_ol Jl 1c. -X t__£j>.^Xl i>L>oVi 4JUJ1 0jJh ( j f 3 —4Ju5C-« <>L>t-5l 

. y tX {jr** <JS j— J-^t3 4_j^_u^Slll ol—ui JuxVi j . 4Julj Y ^Jla3 L^J.^u 0 jj5> j-j. jL Tu c-3 j_*_u ^jdi 

4__o-^JU X jyx- A {jj* Ujj djjljdl ■*t-ijj. 7T *ij 1—«jlic 

^jdlj 6' 4J^_lo ^^yj-3 (_ y i^- <-jQ •>• ~J ^j__tui_>J! jj[— 3 iP ^yJI (0=0) 

. 43>GJI fjyi 0 ^ -f J j3 

s - r@ ( L10a ) 



/' 

0 



N 


0 = 


(1.10b) 


JJOJ (yul-^ ^ 


l.io js^i 


0 . 1 . 10b AJjUI! 0 Cj 1 Jl_>-^ Jajx^U (jl ^JLI (jA 

3jsy4 L$j! tj;} SjjljJI i.iii/1 i a ^>111 jrV 4 i .lofli 

Radian In3 uLua> Ai^lj ^ ^ 1 3-^->*3 3 jLc 1 w» > LLils t 

.(jlj 3jU >^alit3j jjbjlj) 

4jj-k3 ^ a x aU I £.1 ^J| 

y b>3 c i3i^i ^jL*u 4_ljJo ^j_u^-3J 4LLHI 


O Jjl—i- duUi yy— 

y-iuc. j 'j ^yu-u-a !sr i£L 1 

•( z J>^—“ o' 

3^-jlj ^y-3 P J-JJZ -UJ->Jl JJwi-J 

.0 r i A jU« ■ 1.10b SJjUil yj <2jt r !_ 5 jLxj S^jIjJI 


Ul 


(CT) 



lIuLjJ e 1>r uibcJI I J\j,} J i_^UII _t>%ti 


^389) 


wLLc . 57.3 — — - jlj l j-4 2nrlr rad— 2 jt L&jLi a a 4 jjI j ^I^Lu 360 jji 

jij 2k= 360 ^>UJI ^jJe-L>.uj Luis ^^IjJI jjjJjjJL) 4 jjIj ^J] Cr >~u+J\ ^jjuuJLj 4jjlj ^1 ^Jj^o 

( c ,0 X 7on° “ 0 <jl o' 

l oU 

.jt/ 4 racl 45° dU j£j jt./ 3 rad 60° Jlii.1 J-^u ^ 


3^.. r *.,a l l Q £_uo^J,l P i j r A I ^j .a .->JI ljr ^ ^ j, 1,11 ^Jl ci!j— 

9 

^J$j-3U . A0— 0^’ - 0- LajI , l a.a 4j^I j jJs j> \n a 11 *, <i irO > 4-^_IL<s *2-10 <j5LilJL) At 4_u_ojJI 

- ^ LtAiZr 11 *L>4jVlj 4_u*£JI £wLA 



<>•'/ 




4_l.Lo^J I 3j "t a ! I . 3^j 1 .} 

j —£ J U 311 t n isn.i t ; 


. AO— 0^- - 0^- 1_AjIjl3-«i 4j^I^ 



S- 6 Jl CjUs l— h-uJI ^*1 

Ij_x_j 400m <200m 

4jjl_a ^Llo^I {_ya 11 

j I Jl—u Ijll .jl—c—liiil 

. ila ~>J I jiuii L*-L4 


A 0=0 


f 


0 ; 


( 2 . 10 ) 


SjsILaJlj 4jjljJI a—4 i « » ill L$jLj ^ \szl-x-a jlj CO 4_La_u/^Lll 4 jC^_uJI c_i^ju 

. At 4 _l2q^J I 


4-la.<-o^ILU ^IjJI <ULj>_t-aJI 


CO = 


Qf-Qj 

*/-'.- 


A6_ 

At 


(3.10) 


(JjJj LqJlIc. A0/A/ 4_^_a_LM 4jL$2j CO 4 tlA>i 1TI AjjIJ-II *LC^_aJ | l-Qj-ju i4_dA^eUI 4_Cj_<_uJI ^_uLi21L 

jni/-\W ^Jl Al 


4_jlii_2tl]i 4j^ljJI 4x.^_i_uJI 


t . ne de 

(o s hm— = — 

A/->o A t dt 


(4.10) 





ISLmUjJlXj ISLilSotl- *b^u»l> 




.L-JI 3jlx.LS 3.10 ^Smi 
.ajjtjJi aala .u. iceTit 


i ai 4jjlj ijJb AjjljJI 4_ c.j _uJI Cil JL-3 »j 

SjjijJ! ijf (s' 1 ) ji (rad/s) 2_-uL!i JSLI Sj^ioJa 

4-L^J-‘0 CO J mLJLX i • »ji ^ yf it d JjL\4 i Aj^uJ 1 

- (<Lc.L«Ji t-jjLg.il Juto 4jaj_»Jt) 0 La, \ tf 

j-jJuu a m >J 4 ola-JC. ill 4jjljJI 4x.^JI cAK Ijl 
J>t 11 (jl_a At 4_i_Laj 3j_j_£ ^ 0(J! U) ( - (>a 

tH "<tt L -I <1 1 I t I n 

4 t mill 4ji (Jc. jjju jajji_aJ (LdJl) .UniJ^XI 

2j_j_A!l (_,_!! 4 _jj!^J! 4_c.j_uJ! Js « ~<II (jAj 

At 4. 1 , fX ^Ji 


- 0 ) f ~0) ! 

a = - - - 

t f~*i 


Ao> 
A t 


(5.10) sLu^jUli ^jL,u*Jl 


Aco/A/ 1 4 t lm. < II 4jL^j 4jI ( Jr ic. lit ^jl ah t—Sj —slj Li>v!! ^-jl iM. £-a ^j-ul J fltL 

j-gx«aJl (jja A t JjJj LaJlifl 

Ato dco 

a i! m o A t ~ dt (6.10) credit 

jjjSj cx (jt ih'vV . (rad/s 2 ) 4..« tj — 6 4_uli JSU 4 j^ l*>4 ■ * . 4jj!j (_£jljJ! .l-j J1 o!jl»-j 

(j£ (jijJjJt (JjL*_« (_^aisLuj I a, 1 if jl 4 x.LijJ! i— ijl a C. jLais (jljJjJ! Jwl «-<i j!a)j ' a ' 1 ,c 

.4£.LJt ejjLlc. 


<4*1 4lj ijjtjJI tjnrt ‘i i )$ Ju L>JI (jfi j«ij iii-v JS jL3 iuuIj (Jj_>. jljjJiIl air. 

4jjl^jjjdl 4^^j>dt j j4> Ct *(0 t0 Citg^ fCl t (jl (_^l JjLui_Jtj 4^011 4-Cj- uJ I 

. 4jj^ i ii) P(^uilj>dl (jl^)_^4 <a_ulja 1 1 4 1 oLi.g ^ 1 1 &SJb V" t oti . -‘ ! - 

(x ) (_, U-bli jtjijjJll i(<x) £jl _III ~l!j ((Jt)) 4jjljJ! 4_ C.J _ijJIj (0) (^jljJI J-jisjJLl (Jal^J 

d (U iX i l l jLul (2)£. CX t(I) i0 (J^ abfcjl cJdjbu -(s) (d) 4jVl ^ill 4 C^)-lJIj 

.(J^iaJI 2jL3»j JUU 4J JaLtAJ 

a^ljJi 4_*1 y 1 .i 1 Cal g ,gr ~ a jla a A lJ Jtt dll_) j « ~<U »JJt> 4_>.l^us . CX i(0 £y» (JSJ ^1„ ■>. it (_£l JJL%j 

# 

«C-uij jj-st_a 0^03^^ L>“0^ t- 4 l t LajI-J q\ i >-^a Ct i0) ^j Lt tf. <H j 

tCt t(0 qj* JSU 4_jJL_ 4 _u j| 4 —l jvj —4 gjLAl JuoL^jacJlU CjLaL>u1 j x^jj 1 f X4J “-dJIi 

* 

gL_>»j^?l ^jLb c*jLj jj-st-g jJ j_j>- (jljjjJt ju£. *6.10 i4.10 (jOJjLjlU 4-xx/1j^ jJr. LajLi-u tilJj 4 . fi lld 

(ja cjLaL>uI Ijl^J •L)L)3- a ^ ^L>oV! jjb 4 _uIjjjl1I jjl^j ^All 



Culj dS 1 t^IuljJl ^Junrtfl 


(m?> 


o) <>L_>u! <jLs 1.10 JloiJLj xy <«M ^j >n ^ jjju 1 *, 11 r, .jj->JU ^L>ul {jy s qj&i «» ci .in 

l£j)~ I n « (jy^ 51— i4_£.L»_ujl UjLaA (j ilK.C. (jlj^jJI jJ^Lj LaJuC J^LtluJI i a 43 /y5 L>.jLJw /j/. i 

^\ X V ^ * ill jj-c <-a jj t.rJi ij_4 . 4-CLt-uJ 1 c-jjLax. oUol ^_s (jljjjJl 

J_JUO Ct dL>bjl . CO <?L>ul ^j J-Julu ^Lc-Jl Jl_i1I JlIJLI <jl-3 tjjljjjdl oUol <^,3 ^ 14 JlJI 3jnlU 

(0 <*L>ji (jt&Crj £jja}Jl cul£ ijj 0) ^L>*ji 0*loj I 4 I ^1 CX— dmldt l^j^jlIII t »•* 

. £3 4-J^ljJI 4_C.jM-<* 11 0-1l ^1 


Cl iCO /y* (O<0 Aj3 £-us^JI Ld 

Culi) i£jU gjLiillj *Luljj Jtfl :*Lu1jj Jjl ISLul^Lffll 2.10 

ROTATIONAL KINEMATICS: ROTATIONAL MOTION WITH CONSTANT ANGULAR ACCELERATION 

us t Ir^ <« il £)l Uju^j lA 4_j_«ij.} Jo£. 

l L*> 1 n t 1 iCulj Jj-g e ^o 4_uljjJlJI 4_5 >j_>JI JL>JI tilljL^ ♦ ^yln-y- ,^tj j_uG G>d 7.2 

^_^jl!j_u LiojLj ^jl.cuj ^_uG Coo 4_c,jL_u_Lli <L-uI^jjlII 4-u<ijjiJ 3 j> 

jLl^Ij c/(x) = cx dt Sjj-uajl 6.10 aJjLuLI <ull£ jlLt . 4 j£^J 1 £^ill Iji^I <l^-ljL»l£H cjLb^L* \ ) 

is\r*Li 3j_jA^q <J-al£Jijl $. V=t jt f = 0 iii 

t Of = Wj + at ( a A *.) (7.10) 

6.10 4jjl*JU 7.10 (j-a ( _jJ3Jjj£JLj 

<uS-uUliSUl oVjL»JU = q. + (j).t + i ctt ^ (® l —. > ifc) ( 8 . 10 ) 

1 ^ 1 » 10.8 1 10.7 ^CJjLlII 11—a j-^-i 

w/ = to, 2 + 2a(0 7 - 0,) (aojjjk) (9.10) 

oVjLjuo J^G J j QUiAJ I 4 ] tALLi 4£j_3tlJ 4 _jSLuLo-Lj^J! CjI^ujlIII cJJb ^jl JijwV 

(jjLdJ 1.10 .fl j Ct j U _i (l) y j 0 Jla i~t tftLi dUJj ijr 1^3. £jl_4-aIL> 4 jU ->J1 4^^-vil 

♦ 4ila^JI 4 £j->J1 4-uIjjJlII 4£^j«dj Aj& jjLoVjL*11 

spiaJ<ajL>uJ) 1.10 Jll« 

jlIc 2.0 rsd/s 4 Jlss-*U cxjL^ !3l .3.5 rsd/s^ 3jLi a & ^jLuGu 4l?r.£. jj ju 

.S<jjIj 2.0 4 L ae- t Jl i-Ajj J.7 i u ^ll! Lt^ (^) t/ 0 


<1 


ISLuiSLjIl - cj^cif) /? 


J ^L ^_i_uj ^LH-JSLd'^ i—3 J — L-U LliJlj^ ;4_L*_*jl jJii-X-i {J^> 2.10 jJSLtliJl ^ J— *dL -f-U.J {jl ^>£L<U 

1.10 J->J 1 CjV JUU3 ^IjUI ^_tI/LuS 1 JlA . Jj J_>. 

9 ^ - Bj = o)jt + \at 2 = (2.00 rad/s)(2.00 s) 

+ j(3.50 rad/s 2 )(2.00 s)* 

= 11.0 rad = (11.0 rad) (57.37rad) = 630° 


630° 

360° 


1.75 bj J 

.S4_ulj 2.0 _u£. ijjl^Jl ( _ :r A Li (b) 


(jji <jL>-V 1 i.. i ~w_^o y> .J(j t^ya 51^ j! C. i.%. 

,2.0rad/s 


(d^ = co^+ at= 2.0 rad/s+ (3.5 rad/s 2 )(2.0s) 
= 9.0 rad/s. 


Idilj ijjl^- .(a) 9.10 ibUll a_a- ^~<i 1! ojuj> i _ r lc. tj t j£L«j 

* 

. 4_! U_ii-U <? Jub 4 iin ->J \ ^ic. j t ->J 1 U ^ya 4j1 CjLuI ^3 JL3 L<uj 

. t— 3.0s j t— 2.0s (yu 4_L^jtJi 

IjJI 8.10 :2uU*V! 


CuIj gjlufclj 4LutjjJit 4U SLu UJu £ l l uV^UH 1.10 

(Dj = a> i +at Vj = i; ; + at 

9 ( = 6 i + Wjt + j at 2 x f = Xj + vj + j at 2 

to 2 = co 2 + 2 a{6 f - 9j ) ih 2 = v 2 + 2 a{x f - x t ) 


ANGULAR AND LINEAR QUANTITIES Cj oL^SJi \3.10 


^<u-u_>J 3 J U CjL 3^>L-*J! ^j3aju ?r~i'u ».u> i—3j^_u >J1 1 J_4> 

L-a j Jx. 4 j1 ^Iju 1 l_^j5cj tuiUj I ^_3 4 -Lil^u t 

3^j|j ^Si t-d^-^U p m jj-C , uy ^jL3 * 4. 1 0 (J£ 4 alUj iC-cjIj ^ t » •> » Jlj-U 



CutjJ fj I ^ J (j\jJ* :>£UH (J^afltt 


(^39?) 



4_ila_>J 1 4_j^Lj» . >_uJI ^jLJi *0 4 In^-iJl 

i.n a La ^-u.4-> V (jjJbj P 4 l-i t? ill 
. r i.. ia j 


4— C.J i_uJl J-4 jlj.5 —>0 4_J^ijJi ^ <-Ui UlJJ 

UjS 4.I-> dill <jl C<_i/*- . \ t _ =r i_d P 4 Krtil 4 jl n,Lg.U 

(^^jljJi jL-uli LUU 1 j-u..g ) V 4»Jaj>Ji 4_c^_i_*Ji 4j?ca>3 (jU 
4_ i-uJl jlj 2-^3 . 4 _ t uu -c LJL i 4 cj-t-iJ! \ ^ jl r ^ 1 Uj ^^JL_jJIj9 

J^LS. ^ P 4 ;H (Velocity) 4 j ^ LUJ 
1 (kjr !l!l 4-BLt-u.U s ciu->- t X)— ds/dt 4_i_-i_tj L«5_I, i 4-cj-^ul 1 
4_bUJU) .V = T0 ^jj O - Uv j .(j^jljJI jL_JLI ^ 4 _LxoJ! 

:^yi^. •^-j 4lblj r (j!^ (1.10a 


V = 


ds 

dt 


= r 




J^i Ll^ (10.4 4J^UII ^JUI) co= dO/dt 


4jla.j*J 1 4x-jm-u-I1j *#\ jl \ 4x.^j-uJI iy \. j 4^>UJI 


ra> 


( 10 . 10 ) 


l ^_4 4 _Ll 2JJ1 4 J^j 4 j i 4_^l i«JLl ^jL.iaiJ J^ju ^ U .I . Lr lc. J_dJ 4 rt <] 4 1.11 LaXI 4_£Lj_tjJI (jl 

I 4 J ^ i ^4>JI ijr liL 4la n > (J^ ^ji 'jfA ^X-jJLiJ 4 IjL-^i 4_>Jj-uajQ (jlj^jJl 

1 t^sl djJ l 1 ^ , ,, a \ (*i/ii <t f l" / 1 -w . 4 1 1-% 1 1 4_£.^__t_uJ I ^_tu2J l_(j ^*V * V d U ni i4j^|jJ| 4 j n 1 1 ^uJ i 

LK^j>o UK jljjj jO.uv <^-^- 4U_S_l] 4.jlr> >J1 4_C-^_tuJI <ji 10.10 4jjLm 1 

. xfll.1 (j_a j^Kl 4^:^4 -uj (J111 4 —Jj-t-UL 

4-<m£ J Us .Ul2j UstJjjG lLdL-Cu L^J I sU^v-Vj U)J)^t>3 (J 4 _L-u jl ^a-U Jjj 

.^LkiUtl jjUj 4^jlj a ; t a 


^ic. Jj) 4~>sJLi 4UUaJJ 1 ' ^jU-u_x]| ^—4 tjyjU ^ <.<j->J £j)U iojuLII c..IaJj jjSU-J 

. t (j^cjJl £-A X) 4_£iXUai 


dv da) 

a.. = ~j~ = r— 
dt dt 


a t = ra 


( 11 . 10 ) 


^U*>iJt ^jUull (j^-J 4 j3^UJI 

Juu (Ja-^L>* ^jUuJ jlj-i ^ (jr^- 4 i i tiUll 4_K^JLl jjl (^1 

.(^jl^yil ^jUujJI C>*~ 4K_£ixii 



isLjisut - jjvu^p ♦Ljjuirt 


33-il.S jl m, a (jA jJJu 4lajL) ^1 (jl ljji4».j 4.4 Lr^ 

v 2 lr ojl. i a aj 3^ t a.i^i t jl i l-Oj—a f. tx.ji jh .1 ^Lju 

# 

V— rco (ji £ jlx-kj .(5.10 (J£Ll<) Aa.L^ae-ILa 

£jl— uj-jJI ^C. j. -j x » p <a ~>J1 ^-Lc. ^ ilt 

4j35L*JLs 3U^«tt i AuaJlll 


V 2 

a r = — - ra> 
r 


( 12 , 10 ) 



O-iTw) 3 = 3^.+ 3^ 3 -A S^i^Jj ^_Lij>Jl ^jLolil AjjcILg 

J..J ftltll JLsa 3 r 3 4-Ualll 4 -£.j_u* i _ r ^ j. i t.lll ,^Jt 3^ 

A-Oj^f- Ajl£j-4 aJ A^r’ixa 3 £)! Cu> .(oL>ol 
’. (jj-b* Ja uiv ^IjC P aJaajJJ 3 3 I JiILa ^jpi *A_u-uLc-4 


(■i^^\ _>■ .i -w jjju i ajJlc. 5.10 JSb 2 

^3Laj <0 <J}L->• j-aj OjIj j$s*l — a 
yj l i.i “ill A i . <il ^ a 4 1 i P at** < tl 

Aj^IaS t. A >A) 4.,t,^2-^3 ^7 
^yKl!i il ^jLiaajl U^i 5 *^ r 

3= 3 r + 3 f Ain a <31 £ 


a = yCif + ~a 2 r = Vr 


2~2._2„4 =r ^ 


a + r co 


a + a; 


(13.10) 


(a) L^J 4i-» «JI (jylfi. 4 Li a 1 (Jjk ic^jIj j^st_a Jj_>- R 1 U.a ■ '«is-\ \ 41 it c. jjjj 1 a.lit*. 
1 _£jLuuj 4jjIj 4Jjt)J! ic-j^aJI Cjj 1£ 131 54jtii.ll 4£._^xiJS i_y^ LI (b) ?4 jj! 3J! 4x.^xaJl umJu 

<(c) r= 0 jlLc 4 cj. Lftyji 1 til *4 4 j t-. 1 . 11 oLtjl <uIl ]!jj 4 j tii.tl d .,. 111 1 co 

.4.l?t«II 3* 0 4j^jLL« (e) r— R i(d) r= R/ 2 


(g4du« u*j£) CD |» JL^kLitJ LLuitl^ 2.10 JLU 

) 

-Li mg CjLa.1 hi oj ^aJjl {ja 4 £-$-*sk-a 2jjjus iJr & Jj«j 4I (_>as^a]| (_^£- 4 j« a mil CiLajitll 33^*^ 


(J1«J 4-»-Lii<iU tliLa-Luiilj j 2 ill (J\J (t-^UUI) 4jjliilj Lia4j CjLa_ji*JU (Jj^- 1 »~| .(_ja5^2j| Li* a ^Ic. 

* 

j a ill .4 _uj_jus ^1^l 3j_so L^jalj_2 <~ij mlSLU jjiaJj (J_».ljJI j ^_a_uaJI) ill I ^UaJJb 
(juu a JJLC U . CjI i iii.) f.j j3_iil! 3-° 4ajSLa 4_«jJala 4 U . ..Ij > ' *'J .'** * ^4-^ 4jteloumJLl CjI>.LuiJUj 

A_ij2-S oLa^IjJ. 1 Jjl ^)L£Lxi (JT ^ Libia (jj&J j-i—uaJlj fjji 

A_fcj/Jl jJl ^2- 


^ I JJt ♦ A_JLaLj>. ^yA j! 

♦ Lbla Aa-uJatii JU£- ^Jtr»x-L A j A£.^_x*JI tAa_Lo^jl qua * 

# 

j) 3 -ji!! 3^0 4-C.j a II 4^^j>. alljl 4j^l3ll 4_£.j_<jJI j j i ~n 3 ^ 10.10 4j^L*.all l. a iLij lillj <— 4 Li'n 

f t 

i—ijl a c aUsol (jii^ c 2ll lJlL eJ-A J_>-l Q: . l _ysjJal\ ^1 r bj ti4 i % .^. i ol ,,,.; .1|j 


CijLj j1 flmyj I :^uibJl ^Jtrlrtt^ 


(M5> 


(&) 1.3 m/s j^-JJi j cjL^jljJ! 4x. ^ 4^e_x ju c. ^Ui < nil 4iulill 4»c^_i_ujl (6.10 J£L<ii) 4 _c.LcuJ1 

‘ Jt ““ i_j^s 1 oLa^Ldl 5*lj^ ju£. 4 S jaj /SjjjdL ( _)-s^JiU 4jjlJJt ic.^_«jJ! i_ui>l 

.t — 58 mm i ii^i jLut« w <^al ^Icj 23 mm is^i&a 


4j_jljJi 4_Cj. .i.ll dUj jjiaju t_£^_u . 4 j^!_^JI <x.j_ujJI <_il i ii -w jjSL«j 10.10 ibLuJtl 

(_yi>.ljJI jl i noil i 
-56.5 rad/s 


v 

( 0 : = ~ = 


1.3 m/s 



2.3 x 10 -2 m 


= (56.5 rad/s) f — rev/radWo s/min) 

\2rc I 

- 5.4 x 10 2 rev/min 

(o f = — = — 1,3 = 22.4 rad/s ^UJI jl^J) 

f r { 5.8 x 10 _2 m - J 

= 2.1 x 10 2 rev/min 

C.ai oLoj.ljdl Lllj. or Ti -v. ^jdl I iiJb ( _ 7 j 3 CO all 4jjljJI 4_Cj_uJI • L >• -Xi <-.j ...1CU 
^i&c, ijj£j (jljjjJl <>L>jl (jV 4_t>._j_o (jjSj 4jj!^JI 4x.j. . all ^ijall tJJb . v - .) Ij (Jjulaj 4n i Mill 4_uijudl 


. 4x.LuJI «L>ol 


(jltll ClljJjJI JJL£. La .4_ulj 33 j 4 dj 4J 77 (_yA (jr u<Liill JajJLuail « i~~i SjLa ^ u-i 4i (b) 

1 JJt t_y3j2l I lgl<n_i 

1 —4^j|j 4 ——i-ttJ1 <jl ^1 t.i 

* 4_IL)tj O. ^1 i^LkxxiLi <*LUj 1..^ i\ a i j 

t 4_iLqjJI 11 

(74 min) (60 s/min) + 33 s = 4 473 s 

1 /ajJr;. 0y < - 3t J > *— 

3C_1 4_U I . 6 - = 0 JlujV! 

4_ijl34i 4 ——ujJI 3 ^■} _J._3.10 4_ljl—*11 

* 

i0— (cOj* + C 0 y )/2 L^JjLjlj Lcj 03 4 1 » 341 

0 7 =9,+^(0),+(D f )t 

= 0 + ^(540 rev/min + 210 rev/min) 
( 1 min/60 s) (4 473 s) 

= 2.8 x 10 4 rev 



6.10 ASL&i 



ISLuiLuJi^ ISLulSLdi - JjVi ^.U^uiO 

J^Li* 4 _lu_JJI 4^_uj-*jl j-jX. jl^JLl 4 £^st~u fj^jJl Li (C) 

3^_JjLu3 uu oLl ^o-Ji 4_j_uajJl Cjlui}\j 43jLjJI 4 j In3d 1 4 x.^m_uJI ,^ItA-Laj ^Lu Lut ua.l'v 

x f = Vgt = (1.3 m/s) (4473 s) = 5.8 x 10’m 

. 4_ioj_4lJ 1 4_<_uJjt]! j-tC. 4jij^J { J^ jlj-uli [^-t.la-<3 ) (3^° 5.6 (_yA i^y i 

.44jIj ot <ji <^2 54473.0$ 4_a_Lo^J 1 ^ojlU {C,y\j}\ fjL^rA 1 jljJLa Lo (d) 

^i J-itJLuoL j udJj^ S^ZLLlU 4dLj^laJi ^JLl_Lcj .4iL^Jd oJ~Jt jJ_>J oijl-i~x_v. 1 3 J_c. LujJ 

4^cj_S ^ic (jl i_.((^jljJi ^)LjuJtl 1 ^ *— i^ 1 InX1 JoJi J-d<-*3 i 5. 10 <UjL*JU 

4_ nso i _ d l ♦ dc£ ail o-U ^5 ^2^1 £<J^_u 1 -4 L? ^)V ^3 -t-ullJ 4 _iJLj_u 

4_Cj>-cuJi ^3 »-"Ji ((jy £L! — 4 _c.L_o ~ (J^io 1 03 J Jo-13 L^jV 3j^i«.uo 

(Dr-cOj 22.4 rad/s - 56.5 rad/s 

a = —--=- 

f 4 473 s 

= -7.6 x 10" 3 rad/s 2 

J Jjua <^,3 ^^yOt-jjJj ^_yz2.Is ^oj_3JI jjGj 


ROTATIONAL ENERGY 2Lulj^a» 


Oj ,1 i/i£d l ^yC. ^-LO^LII ^AjlI (jf OiJjt 1 3j 
3jLj^j ^3 i<Lrt-cjJli ^JotJj-t^JLi 

4_u.3Tu <Ldt^Xl 4_iol_>dl 4x.^x->dU ^Js^-o 

, 4oc-o JlU oLal Jo-~L 4 j 



4_$^>J| 4_^lia .(D 4_»^|j <1 f j ...> Z 

SaKJI talL .-j m/u,- 2 ^ m ; <Gfc£ 

. 4_oljjjJl 4 ^oJ! 4jUd ^ 4 ml ^ujOcJJ 


jLlIc L> ^.tiU ^ i <i ^>d 4__ul^jjJi 4_^i In 11 LtX.J 

4_jt {S^y n ^ ti->dl 4-C.^-4-Or^O ^_i-u->jj (jf I 

.(7.10 0) 4_jjIj, 4_Cj_^oj 7. jjJlb 

4~; C y-Ljj a 4Ttlr<£j l_AJoJu>o ^jj 4£^o- 4^LL> 4J ^u_ui> 

4—j- Xj—«_jj IB- —wi >J1 4.1~f Js CJjI— 5> tji ♦ 4 j ln>Jl 

:^_A 4d^^o» 4^LL < ^Ja4uVl 

^ = \ m ri 

J^u? ^j_>3 ^cXjJLj 4_j i J> ^ j—JJ JjjJ.1 clj—>-V 

i CO I^J I 4—C^. 4.44. 11 ^u£l\ <cj * «l >d t ^ l II ">d | xt- ~v 

/ya K- 4_bl uill ^Jlx. Jl^ Tl jl j 4j^_4JLi 4-j In. ->J 1 CjLc.j-<-uJI d)|-^ 
4jjl_*J.I — r^-CO 4 _b 51—1 4 tin jj r* a 

lJ7 Jt jijj ^.m—>J 4_JU1 4_^J >J! 4_£LL> .( 10.10 

. 3 Jj_4_U uU^.^i.ae-U CjI^LL 


^r = I^ = 2>,4 2 


2 n Yi 


2 a> 2 


(m) 



ft inf! i !^>-u(iA^^ A,^*a\I 


iJJ 1^11 4^M-»JI i> Jufc 4 jIj^ (j^-«-> 



(14.10) 


- * ^ 'j 

• oUj ^ »->J 1 ( JfLJ 4-c.i-^J I j^LiU l^i jjV £-y$_>Jl 1 4-x3^in CO ^<u < 


/ i j j) > rn 41 I -[^U-oyaJ! jj \j 3j4 _la£L!I jJLl m > .iL> j^j_ljl1 II ljub i in j > nn 

^yijJi I s (15,10) 

; 

^LxJLj . "(SI ciil jk_>-y Kg’tri") ML 2 3jL_*jI ^ji Xx^ 3 L> jJI jj) <,n till <—kjy -*j ( ]ya 

14.10 ajjUIi ^...n^n i 

4-yljjjJl 4^y>Ji 4sLL> A^ R =y/aT (16.10) 

C i i oyj L^_>t V] <LSy->fcJ 1 4_fSLl3 L^-llj : -y (jr^- jlk 3 l-' 3 loJLx, <Gl £yO ^Ul^JL: 

Cj1.^-j..<.<i.^l 1J 3 JyXll CjlXLkjl LUX i a 1 ^<u 4jjUl A^,js>~ 4 J 3 U 0 {jr^ 3 • 4-SlinH 3 Jo Jy- 3jj^ an 

16. 10 4j jL*JUo 31In 1 1.1 <Lal InJ 4j_jX>lo^Ji *<4113 £-A . £.( jr t^Lo>Jl ^u-co>Ji ij? 3 3jy>-^U 

. / ooL_u_>» 4_3 jj2o 4Xyua 4_uljjjJl 2Sy>J 1 jJ^Luil Ju£. 4_i_<-uLLa 3 jj-ud 


4_bUoj 4. YYiip" 4_2ooKjl 4_uov-l ^aXl 4_^j_>Jl 4Jsl_L> 4olJu3il ^JJ £y2 

^.34 jin-^Jl ijr 3 \) ^ fll 4__utjjjJl 443__>Ji CO il ^jL-Tto 4311 . X Iq)^ <L_ulj^jJl 

44y->v!l £-A 4„jJn>Jl «L^j__>Jl 4 _IjLx~ a 4ojl_3_a J_lC LcjIj 1X1 ^jlSLa / (J*^ 0 ^ ^ j 3 .>Jt (_^) .(jy-llyoJi 


4i3£LH ^p-A 4_uijj jjt 4_3Xy>- ,^ r £i olj_L*_li] ^ < anj 1 4_^5jL3_4 1 j a a yi) i/ntall • (4_uijjjJl 

<C-ul j 4 o_l^LX- <U3SJ! u 1 uln..-w^ . 4 j In >J 1 4_lXj > _>. ljr S CjIj j t ~iU ^ » a n*Jl 4 _^jjL3^o ( j-ui j 3 <a 

jv_o*X-j I juX o a ciJLlA ^jl jLdoJt j _ua 11 ^ j- IX -ll! 1 (j^C- J_Xjou / I x X -i-i u O cJJ 

. ^4~ljuX j-uC u (^1411 j^yun-oJ I 4 jX 


3.10 JUU 

jSyj* J3L3»- z jou .r. j3->41 J>>* xv (O 2 ) 

4_>jj 2.66x 10 ^kg Cj^-~t 1 »3^ 4Ju$ ,4J^io ^ 3 _>vll 

i jJI jj_un_oJl fjc. t i-Lu->.l (<l) . (3j jLo 4 In3 3j j 3^ 3^^*"^) ^ = 1 *2 1 X 10 ^ITl 43^Jti i 3jl^yv 

. z i 3 ^. i^ 3^1 


u uix i^u /y 2 • XLvj>J. 1 3juQ_C.^l 3-^° ijlyjX 4_jj^J.l j ju>\^>- j .jii<Li } I jJI jyi^aoJI ^.j-C jj^yjjJJ J 

>f c 4^J^* ij£- jJil 1 JUj 1>3 u^e 



(3u L >! > sfcJ» ISLilSutt- 


(jLa z £y* d/2 jl_«j Sji (j! oj ■>■. I "J zi * o ,j. > la'i I juk i v j^gjt 

I = y mr 2 = m {—] + m( —) = \md 2 
Z/ ' f u i -> / 2 


^2 

t "\2; 

= i(2.66 X 10" 26 kg) (1.21 X 10' 10 m) z 
= 1.95 x lO^kg-m 2 

CjlaLuJUj (JjSJl i Ijl»- u-> 4<uii!t a jjk 


4 ^ 1 ' <L3Lld ^jk Lo 4.6x 10 12 rad/s £ jo 4^ ^ ^ ^ 1! 4-jj!^JI 4_cj uiJI I jj (b) 

.S4jj!jjuJI 

A^ d• j ^j! jJi LojLl^ 1 gjlf LlLuajw <L3t_u_Lli 

tf R = i/w 2 


= i(1.95 x 10^ 6 kg-m z )(4.60 x 10 1Z rad/s) z 
= 2.06 x 10~ 21 J 
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ljIjS £Jj I £)[})* 4,10 Jlx4 

. (8.10) Jkl* Xy \£jp. Mill jk 4U^ a 4 Jj£ jii jUoi ^jLSjI ^_ r 3 <G ti a 3j-uuud J-Jji 

. jUa^/1 jLul 4 jjU 1L jUaSi t—aLizrul 

4_Sj^jhJI 4^LL>j ^-ji jJI jd^ fill j*3-c. *■.■>-*«>»! <(0 yjlj 4-c.j-imj y 4-^ajla<ll cjji.} ijj (h) 


f 

TYl Lq 4I4 C/Hy^ C)^ 1 * Vjl 

* /y ^LiiLj y jj-z>d! ^yk. jkkj 

IJ-* Cry3^ Cry Wl r- =0 Cj^ l£1) 

Z^^^k J-uast j 15.10 ^1 jJtlLutflj 

/ y = 2) m i r f = M « 2 + Ma 2 = 2Ma 2 

/ 

y jj_>JU 4--uljjji! 4 ^LLs C)p^ 

A: r = {lyW 1 = \{2Ma 2 )(o 2 = MaV 

^^3 C)M->-JjV W 4.b*V! 1 CjI j j£l\ <j\ 4 a ui v 

iip* 1 4^1 Cl^t? ^ 4J 

4_3Uo l a- 4 I (j-u-J i^u Cr-^3 jj-ct—4 jj->- 


. j^kXI IjlA 33 -^ 


y 



. <G_tlj CjLflkiX JuLfc Cj!^ £Jj1 8.10 

j^jJl (_yk ^llriilJ jdi jj^Lzxajl ^3^- -^4^«J 

• <J^>. ^IjJI jjjuxal i u L * > | ft ! aj4 ) 



CoLj jjrta I (fiu a) I ij^UJl 


4_Sj, ^11 4JsLLj I^~ 2mb “ ^jL_i_uj x jj) ^11 Jj-^** jj_ua_3JI ^y~£- *-* 3^*11 j-u-aii 

0 0 

.K r = mfcr 0) jj^JJ Ij Jt 3>>- 4_uljjjJI 

^J>—C u^-ca -xi .J-uoVI 4_La_3_u IjLa Z j^-^Jti xy a « » M iiij^fc-Zu 4-^jfcw U <jl (j^j-a-Sl (b) 

. jjj»JLI tJLfc 4-uljjjJi 4^ J^A\ 4*)LL»j ^IjJI jj jAdit 

jj^a 3 ^ 4j-^ j.a.a.11 4^L-ail 15.10 4bLdl <j! Cu>. 

I z = 2 wl , 7 ; 2 = Mfi 2 + Mj 2 + m ^ 2 + wfe 2 = 2Ma 2 + 2/nb 2 

i 

K r = ^/ z a> 2 = j(2Ma 2 + 2mfc 2 )a> 2 = ( Ma 2 + m6 2 )<y 2 

4 J 3 U 0 fU jj-oJ ^IjJ! jj) 311 fJ-£- £~ l '~ l ,tu * (b) £-« (&) 4 jj 1 3<n 

^ji jJijJu t(b) jj-st-ja J. A ia >3 <*iWtl 4 jjIjJI 4_Cj_jui11 4 i ->»l 4^1>l 4_u!jjjJi 

3j^Li .XJ ^ P-mJL I jj j5 l^K j_jj^?I CjUsLlJLI v£Ujl£j 4 -*jjVI Oj!j 5J! 4 Jteaulll 3 *■*■“■*> 

^1“it"<,i n L^jI (b) ^3^1^ <_r^ ULa <J^I (&) <_y^ 4_^LL {j! 4 jijJL>. cflij t^£- 

• Z 3>^ ubj*xl^ xJui ^j}Ui JiAJ! (ja y j^>J0 obi J ^ 4-a jlv > U ^ud^J J^5 J-*-*^ ^! 


CALCULATION OF MOMENTS OF INERTIA ^ 

^J-^LlJI {_yA JUJbJl ^jjl ^JJC C_>LaO- /^LaJ 

4jL^_j 1— ^ Affl- <—tXJ1 |>J Vl <*u .Attl 4Jllll£^ j. jlgjlC, J£ ij. it is\ II ^ae^Jt Cjlb 7,5 

i * 

4l^ ^ < u ->J 1 (j^£. >Uli3 ^-4- >J Ll ^juuaj * Ji <Io>. , Aw~^0 La,Ur. I 



I = lim y.r?bm t ,= fr 2 dm (17.10) 

Am, —0 / 

f 

{J \Vju ^udLuJI 4JVjl» jJi jj)3ll ^j*^- 4 - 3 I ■»ijA ^jj 5L La 3jlx. 

. 4_^ra^_>. V J ^JLU. >J1 4-flli^ i _ y Jt> p CXp- p — ftl/V (1.1) aijUll ^1 JLit3_i-ulj J-J_l_vll IjL* J-4£. 4 Jj 4 *i< ) 
4_u5)L_IL»a l ^ ».a p — dflt/dV 4 ^lLu d L3j 3jj_to (jy^ J-J * 1 i JLA L u5J 

3 ^^ * 17.10 4_LL*_U 4jc-aIuJI £Jl^j dm— p dV jLcjV J^JL .jJLu^JI 



/ = j> 2 

Lat ,^jJbca 3>al5Jt]| uLo^ ^jSC.a^J 43 jLS P jLLc^. iLtuLeZla ^«<>-->J 1 lit 

p= f 7 l/V 4 ^MjJL ^lUill 4 bL£JI . J^aLLll ^IjjwV j-a Laj-uu 4 J 3 j -*_4 t 3 j^it ~ia p CLa\£ LI 

# * 
jjjjlID ^,Jl jej -i^-iLa LJLc. UajjjJi Lgjj cit- o - 4_i< -y j-Jl <^KJ1 SjLp-l ( j^.. 1 





IS Lu UjjJ^ ISLuiS^li - 


4_£l_jSJi i u.jj^-Jlj 1 x '& <n t ^tVi 'ia ilLa m 4-J%jj_oj j *_4 JyX> \ « _ Ti J1 J-lc. tjUlii , Ja i.<. < ^liL .4_3li£JI 
c t.b.4 t _ y i^- 44ilfCJl 01 _*jJ_Lc 1^_u>» 1 . d?L>- 1 —^uJ.I 4..tlS> Ur L »3 0“ p/ 4_i_- >-1^_,„} i 

. ^Jl^Ls Vl 4.t£ X = h4/Li = - f)A 4>J 1 4-^lH^Jl ^jjtTn-uj LLjUs t A 4 4j>-Lu*j_xi p^ 


\ 



dm <i^Ji 9.10 <JSLZ 

• 0 (>3 .1 t_J 1 ^JM-O-1 ^tu-CO 


fttA7 aa ^J-C, 5.10 JLl* 

1 a i.-^uj M ^J^ILq J^-LaJ ur-j 1 5J i j 1 ^ 3 ^. t. ..i.u.ra- 1 

tJ^Liw ii > u “ * Lr^*- l£~ JI cj>^ ^ <?^Lx3 

.(9.10^)*^ 

r —/? j—*—J i jj <t .■? > dtn 4 _LjSLJI j — u^Lcx. <J£ 

^_x. (jr^- (J«-^' ^ 17.10 4 JjL*JL! Li & 1j jj—>J. 1 

* O jUtl £ j^>JU ^3l jJI jyts^aW 

L = Jr 2 dm = R 2 Jdm = MR 2 

^j 11 ->J ^1 jJl jj 1^1 ^J 1 ^ jIjlSJLI I j-A 01 

♦ O^jj^l O^ 1 R J-*-» (jr^ A/ 4lt£ Jlj-<2-<s 



4.Jn.^ Q^xj-<-^- j >J ^{oil ^1 i ^j_*J ^-£ 3 -^-! IjLc 5.10 jjl^i.1 I{ \a 4" .,4 1 *3 La *Lb (<l) 

• OljjJ^l JJJ5S-4 R L^>J> In 4 t. xLJ^~iJ BjjIj (jy-L^- Lq 0^** (JT^ O^-^-^j- 43 A7/2 l_4^_La 

/^ Jjli ^lc. 4^1 iM/ 4 p$' tA 4il^ ^Li_uj>-1 4 jujV ^piijJi 1 ^5^ o*~ ^L« (b) 

j>= e - a 0-° 



^ l_*_I-ib 2 l_ _a 10.10 jsLi 

• y' j>=^ 1 J>=" ^ J^i )' 

.8.10 JliU ^ 




6.10 Jli* 


fjyiiL*. i _ jJI jjj u-i . 1 11 f-j-C- 1 —< t » .■ » .I 

4^^ ( 10.1 0 JCiiij hd L 4j^i^ p Ia~i ia 

jS J_a J}U. (v j^j.1) i ij < >> al l C:r Lc. 

.41^11 

<_gjL^i <im Sii^ 4 J <r/x JU^J.1 J^kJI 

:(jl (_jl .dx 4_ijj-u?Lji R 3jl>-j dJK 

dm = A dx = — dx 
L 

j»tjiicIujto 17.10 dJ^mi ljr ^ dm ^c. (_^ijjjl1JLi 




2 LI 2 2 M 

4 =/'- ^ = /l/2 X J dX L 


M LI 2 2 , 

Il, 2 X dX 


: (JT i£. Jj-ajej r— X 


M_ 

L 


jc 31 

T 


LI 2 


= ^ML 2 


-LI2 


.A <4 4^41^4 Ajljt-amV j*J-C 7.10 JLiU 


J>^ 


*2JI 


i.i m 1 . L M 1 g~l~Ca i? In? i.ih^i 4 -SLjSLJI 4. <1 in"<i a 42 


4j1 jU.. ..1 


• (11.10 (JSL^uil ^ z ^4 < _ y 3t jj 1 

4 j tl^t-., ..VI A.all {jjz JLiJLjJI ^Jl a \. ,,V 1 .., 2". 

.11.10 (JSLiiJLj 1 of! L J^Lsj dr i d a <«j r jJaus t a i^i i 1 $ i« (JSL! 

^>2d 2 f “-0 1 « In 3 a 4->.l.i .,_a ( jx. 3jl x-c dV 3.-.2.0 ^uae_>. 

a 13 ^ dui_^ Iil . dV— dA L= 2nr dr A, :L (JjlaJI ( _ ;r 3 Ljjj _i 2 a..a 

( _ 7 ^> ^li^il 3~<il j. is\\c 4llL£ i p (_yA 

< 17.10 3J.bL*ii ^ . dm {jc. jl-^IL dm- pdV- p2nrL dr 

L = Jr 2 dm = IrtpL j^r 2 dr = | npLR 4 
{j£. «11L p —MIV— MhzR^L (jt dia^lsL! LllLa jiR“L t _ jr l , CJl jjl c^o. 

• Jia-tj aJbLjJl 4 j.j" ill ( _ t 3 p J 4 a_ui!I »Jufc 



J>-^ 1 ■ 


11.10 JSLui 


_t-l—uO 4_jl^-la_i_oV 2 


Ji-^ 

. 4^2aj-La 


(1) 


4 = 


l g.alj —hr j.. ml O^-*^ 4_ii i Ur djLj<i i * L 4jlmVl —‘4-H-JU^ 4 :*• j_~ili 1 £Jl& ^jl dix>»V 

4l^J! CxjL^Ls ilil \ ^ i. a j-Ib i 4 xj.j^aJ! i.(uaj *?Jub ♦ ^ La ji 4-Li^.Io <ji^Lx*-ul 


. (5.10 Jli* j-IojI j &\ 4j1 u yj 4o>.jL^J! 4^UJ! Ju-C. Pj£j.jz 


^3—c . 4 lx *.a ^L<-a^>>3 JJ^jJ jdi jj U?i 211 2.10 Lt Luu 

lj)-i j i (3i L ui .2-ii. *i 41 4_jiLc.^ 1J < <n ^-t-u JLcA ii ^jljJI 

(jf o^~*i ^ijjl is\ fli l u-j 1 a . 1^ . .JjLivIII Lr i^. 

4JJ)>»1.1 4-^.la l ^y*q— t-u. 1 i4_4l_A 4j^.I oj ^>1 jLjdt <.<i! 1 1 £Lj^o 

jJi fjc. O' ^oLL^Ji JaWb U LJLc Parallel- axis Theorem 

^3-C 0^ Cr^ o^- 1 * ^CM 4,K H y^J-A J}LL 

: jJt> I JJt O-^ 5 D Jju J y>- ^,3i jJI 


lij^* 4J>laj 


/ = / CM + MD l 


(8.10) 







f\ ^■u.'>»V jji{* 3 ^ 2*10 Jj<i>- 

A^il 4><4 <Lcu< JUA JlSL^l 


<?^_Joj 3 j)I 

4_u! j^t ^.1 «J 


M/\~ 




4_lLuo d\j - aj 1 

3 ) 

A:m ;; ■»«-’ 



JJaWc^ C" 



Jj^, JjSj l^i.X> 

c*> 

obi-^ 1 j>^i 

L<Z2* 

a A>-° J^-*- ^ 


/,. M ~w r 

<1 

■" 12 u- 

i 

4 JU^X^XA Oj£ 

ci 


.VJK- 



JjjJo JaSj ‘ .'j^ ,4j| 

obi^* j>^i 

4 4 ^ i 


/ ~ A//.“ 


4 a. x3^ 4 j^^ ® 


A m ':] AW* 



Proof of The Parallel- axis Theorem 1) 


Lxj! jv 3 -l q\j 12.10 ^J£ 2 u J L) j-a ^jb t z jjx>JLi .xy ^3 jjju ^jl 

j^uoIaJI ljud> . y t x oLulj^-i L$J dm II 4Jt^ *y(2jvl 4 ^CM *0^2 • 

^_4> 4 j^>JU <jr^2Jt j j^aJL) I 0^ ‘ 2 J>>22 r=V~x^ + y^ J_a_j ^^ic. 


/ = Jr 2 dm = J(x 2 + y 2 ) dm 

j jjutioj oL-ul Jx>-I j-4 6&71 4.fc£jl y <X ^Lul^jU 4 _£^Lc. jLseji 1 i j*\xjj t-fJUIi £-4 

L 4 -A 4jbiii y^j-A LutjL>-i iiij. i^j 4 . 2 . 1 ^ & 4,kii y£j-& j2^l3 cjLuI jl>2 4x.j^?c_4 (jy s <xc.^^^a 
4_£^ .*]! (2)1 i tn12.10 ^J£2uiil (2)-°^ -X u j.i-~>» i O &y^j—&^ i cHiL-uljxjvVl ^LLij (^3 ^CM 


( 4 q 2 ) 




Cul3j^Tfc4 tj£f \ j£\ j^urxaZS 




J}U>- tJ ^ i J i (jyi^ <£ jj-jt-A Jj->- ^tjJl j j) i^a ni l ^j-c. (jl^ 1M :^jl^il jj_>Jt! 4jjiaj(a) 12.10 JSa5 
1 • V / CM+ MD 1 - Z J>-=- 1*31^1 J ) ^ 31 1 f-j-C. U_jSo p3 (>9-3 4±£Jt j£y* 

-CM 4 i~ t iCH 3^-^ (uL)J^ ^>^- 9 ) £ 


. y— y'+y CM 3 x=x'+x CM ^ y\x’ jjUJJ ^ y .x _>jUd! <jru 
I = J[(x' + x CM ) 2 + (/ + y CM ) 2 ] dm 
= JT (*') 2 + (y') 2 ] dm + 2x cm jx r dm + 2y CM jy c/m + (x CM 2 + y CM 2 )fdm. 

1 = / CM + MD 2 

{ J}'L>* z jj) "*»U jJI oil fj-z- *-Jlii (j-a — 

. f X clm~ J y dm— 0 4JbSJl jSj-a l-ojjsu {jA >-lLJ ja \ j, a i<~> 2jLj^1. t u.j /jlaJlaJl jJhj—A 

(jl g^ZuMj Ijl^J . D 2 = ^ivj 2 + Jcm 2 J /dm = M (jV MD 2 iLLujj 


/ = / CM + MD 2 

2Li>likj (j j jt-*** 8.10 Jl/U 

L_x <-u2wl . 10.10 Ml 11 L M ^ tVf it X? t-tjyXM L>. (jl»jZLsl 

y 4ds>jb xlc. j -^5 u< j. tk> *?.ll ^Lc. ^3j) xa .c jj) •*- .4 <J^_>. <j <rl 1 jJi jj nil ^yx. 

.(10.10 JSLAJI 

>a djV ^CM = 7 ^2. 2 >a (PlxM j_j_aa.Ul j9>C. j_j£j (j! (j^ cr^X-JI t>> 





ISL u lSLt&t - JjYt 


. ijSj-a 4^->* cr^j ~U>“5 JLlC. J^jw jsj cajju^JL! 4-jjJjjjJI 4 £j_>JI ^_t_xj ^j{ 

:^ r LaJu ^jlj-0 o\^ L)~ L/2 ^jt y j^>J3j y£y& j^x-a (j\j ^LuGlI <jt o^o*. 

r ~ 

I = / CM + MD 2 =±ML 2 + M^ = 5 ML 2 

t--o. a (jljjJ 4_£i^_La 4_1 jj>- jjJu *■ ^ CLalj_xa £->ji 4 j^ a .up 11 ^1 

•°Xj- a J$s>. j^-U 

.X— LI A 4t^fl ill J3L>. X^ J>>- S 1 J II <■ ■«■< u>3 

/ = m ml2 


TORQUE \ 6.10 

$<_iLij (j-GLlzai 4>O^UJI i__j^aJLj /^f?l,lj t_iLJI ^a.i-3/0 j-uojj l3ti 

7 6 

LiijjSj t^jLoJl 4-ij).* I^H CjjI j UK . 4_jjix. 4,-u^L>- jLSLsi Lr^- 4_>t>-j 4i ^JIJoaJI i JuS> 

^ ui-v jjjp La jJr. . uUl jjlc ^ i 1 <(c_>LJ! <■ « nr j Cj^I g./i3M ^_yz j2£\ JL «-JI 

(jijJJi 3^_3JI 5J^Lt_c (j-uLaj .jj_r*JLl IjlA J y>- Jj-Lj (ji ^^2 ^w-oJ>JI ijjJu 

T Or(JUG T JLlI j^j-^ ^- 4 -aaU 4 ^ ~x-~i a 4_i_<iS_' La ^». ^.uo. 

<Lo J^txi u. II 3^3Ji jjJjj . 13.10 JSLlJI L^ 0 <J3L>- jLq jye_A JJLj cLuj ^~ll3 <a 

4JjL*JtLi 3^_3Ji £j^J u^x^.Luai.1 ^jljjjJI ^3 X - <—£-a (j) SjjIJj F 

x = rF sin ^> - Fd ( 19 . 10 ) 

4_Lloj a 4-i3j—4 —bI aoII d j 3^_Sii j^_uG 4L>3 jj 4 Ir>3 > (jy 4_al >u[\ Lsr & K C-^-> 

^ Lil 4^e_jJ.I l^jLw jGx-3 - Li 3j_nJI ^jjG iLn/v^ . F S^Gii ^jjG sLrv. ^Jl q I j j jJ I 

.(F 3^_3JI j-uG i,Lt>. ijy tjy- 13.10 ^JSLglJ 1 lJ7 Si F 3^3JI l_2j_L> { jy> JGL.JLI ^L3111 Jaj>JI . 3j_3JI ^JiLej 

4_^^—*Ji _ udi t4 <ulflJI 4_J^l3-ll J>—£-LLu 3_U 4_i-B 3^-4-^ C^LJlj 1 3. 10 iJ ylSi Cl/ L11 £y* 

. F 3jGll ^4 jlb1jJI ^1j3 jQ i^aJI ^\j Ju 43Laill ^ jus. ^y^Axo . d~ y sin (j) 

J^oL^ ytb ^J>-C • jLla^I jyx-A JuJu>o xlc. lLx33 (jljJjLI ^Oi 0^° 

.{jljjJlJI jy^a <G>ajjjuiJ Jo.3.fl i3^_3JI 3 Jl^J ^3^^ ^Ij3j 3^3il wjj-Gj 

tT ^-Lj 4_jjs^_<u*J! 4_u£^il iF sin (j) j uu/i (j^il F 3^_3JI 4_j ^j-a 13.10 c J^LiJI 

th-v^Li <0^)3*^ ^3 X ' L - £L lX*- i 0^3 ’U^J34 (j^JI Vj i 0 (J^L>» yU F COS (j) 4jrtVSO 4-^jJ.l {jl ju-w 
4jl3J c_jLJ| 3^3 Jjl 4Jgl>-3Lo ljus> . d 4jLj F 3^Lyj 4lj3^ ^1 ^jl 





o<* 






A —^ol Ljy £ ^j-u_>JI Fj 3f) aJt JjL^-i 14.10 (3fc.u< 

L y3 JjL>u F 2 J • 0 4_£.LL1 ujj Lo _c . ,_vaS Cr 

. 4_c.Li-uJ i ■—.jjLic. oLoi 



j. it ojjl^ L_gi 1 o^_i!! 13.10 JSI ui 

^Ij 3 ojLj b 3_pll ojhp tO Oj-^ 

bh^ l4! <S*P lP- 11 Lr^ F sin <l> ^-^4' 

. 0 ^Lill 


l£JJj_£ £yC Lit (. r cA C- j Cj>Lu-liII 4_Uj_3 4 LL? ^1 £_y3 ,^yA jJ^i_ul 4 d jLc ^jA 

.c-jLJI 1 4_LLa 4jjljyj c_jLJi .^LLilLU jjLj t-aLil ^pL. £-3 jJ1 

jL^iol J^L>o 4 14.10 JSLLL 1 ■*£ 4 o- ijr x^L>. ->. ijr JLi j! j 3JJS La 

^J^Lwj Fj $ 4^-LoJI ujjLLc ^L>vjt ^ 1 . <4-^31 F 2 ^JjL>u JLiil Ijla iJ7 3 . 0 julc. j^-j>JLI 

131 L>~ y* La Cy* ^L^it (jljjjJl ^3^ o- (jr^ ^-IL-uoi . 4x.L*J! ^jLlc. <>L>ot nSr 4jtjj^ 

# 

4>L>ol <_p* oL»ui 'M LiL-uj 4.x.L.41 iI l-jjLS-c o-^^- 0Lx$*^ i>L>ol 0L£ 

d j L^J Fj {jA ^3Lil ^4.10 3 ^ -^^ (jr^ (JJ i 1 il L^~ • < *- C 'l- 4 - u It i—ijLlc. 

c f 

(jU ^a3 j^ya . -F 2 ^ 2 , {£3^~ lm zL$ L^L« F 2 (^y* ^3Lii L ^0*-^3 ^\^\ ^S3^~ Ud ^.3 - v *3~^ uj^- 1 

: >* O ^jl jjjJI ^ 3^1 

2 T = X ] + r 2 = jF| dj - F 2 ^ 2 

^jjjI_3 \^ yH> La_^ 4 jL.^ I 4_^ 2 ^ > 4^ ‘- . J . ‘ '“" u' ^V - 44-A .l ijtj^tjJt 

jM-illlt I JJt c. t-uiU -^5 4_tLlL3 i _ 7 -3 l^ - u u ^j_aJ! c, aju.- tu f 4 ^jI .^jlLJI ^oJ 

^3-c l « g-ibi-xj £-* ^3jt]l ^j_3Jt ( yA ct-^- - 1 ^" * * 

o 4 _XjLL^ c_j^xjj —SI Cilj_^j J-3-4 . tjbj -y ~3(j7^ 4j^ bn a a,11 Cj! Ji_>-a (jijj jJS 

.(jLliitA {jlL.tii \ oi ch^-z u 4 J i^jJtj Lv JLLau jjj <ysyA£ .cj! j_>.pt 

^y^lua 9.10 JU-4 I 


i<s> 


4_j|j_Lj_uVI £^>3 3j^* (jr^^ ^a 1 15.10 J^LoJ! JuLG dJLjvij 4.«L 4 £yi 4_jt ^2-lm\ 

Jj—>. 3-, l - ^ <LsJ .^au-ojJL ^3—^j4! jj_>41 JJ**L ^jl 4-jljlrmiSU » y i ^^1 ^djLLJi^ 

Jj—>•! 3 }- > - ( -31 ^ 4j1j L.4_liV1 4_jJ>^_a_jC F j Zj a \ \j3^a R j 1_AjJo- 3 <. <i 1 ^_pJl 4L1 

^jljjjJI ^ 3 _c j 1 jl 3-43 La (a) .^L-ul 4 ji^Lxi-jVl ^pL- F 2 ^ 3 -*L> i ^2 <■ > — 3 jLJ 1 ^ 3^-11 

315.10 3^-Ll ijr^ Z jj- ;> 4.3 33^* cJ^ 1 ' jU{.»Vl ijjIlc- jb^j (^LH ^- ILI I 



(%J)tt ISL y t Uj jlIj I SLutSLU - J3V f»jj*st) 



,J^->- J 3 JU 4 Z.xi is-\ A 15.10 it 

j .0 t J3_>. Z 

. f^'y yJb 1* -j Dj ^ -d- li A j ^Ji> 


4 _JL_u BjLiVl^ -/?j/^j Fj 3-^ j 5 UJi 3133 -*^ 

ijr ^ 3(233 -J—oij_^i Jji—^ 3 — c 
+/?2^2 3-A F ? 3>^- jJlJjl 3 ^ 33 -^ ^ 3 —^ c -( 4 _ci »-uj! i—jjI— c > 

3^334 Gj 1 j ^>4 ^ 3^ 4 _p^_ 4 i S^LiVS j 

3L2 Iju^J ( 4 _c.LuJ! uj^L g-g- (j 3^3 ^L>u• 
3^fc 3 * 33 *^ 23- 3c - /3 3 ^->- 

= r, + r 2 = -RJ*\ - /?>/s 

ojL 5 "Lq Lj 4 j 1 4 j Li x>-1 3 ^_>.t 3 ^- < j- j 

33L? 3^j 3^-^ up* jlu-fiii 3 ^ 3 ^-“-'“* 3 p$-^ 

1—33-^-*-uJl (j-"° 3^33-0^ *JLj jJLc ./?j>/? 7 ^jV 1—jJi—^ 
t^uG ^a51 F j (jI O-p* 4 x- L^Ji <— jjLGjc. 3 ( 33 -^ ^L* 0 - <jr^ _^-la.<.oVI 3 ^-G c- 3 ^-tui i i 3 ^ 3 ^ 3 ^ oPp*^ 

•^2 obj*^* cr ^ 1 

^ 3 ^“ cr^^ -1 ^ 3 -^ U° *^2 = rn 2 /* 2 = ^5.0 N 3 /?j = i-Om j Fj = 5.0 N j! (b) 

^ 03 ^ * “M Cy* Lju 4 j 1 I^Lxa uVl 33 j 3 i>L>ol {£I *3^33-01 J3 S * LJ * J3>- 

Xx =-(5.0 N) (1.0 m) 4- (15.0 N) (0.50 m) = 2.5 N*m 

oL>ul 3L3 t 3j5L^«JI 3-c 4_j 1 j_La-tju'Vi olju La GGs 1 Li-p^-a 3P33JI ^3-c. 3] *— < -d—^ 

4 -jljIa-< 3 ljJJ i?L>ut 31^ . 3 Jul jG ->5 Aj^ij ^-3 *-“J <i -^LcuJI t__jjLail 3I33J <)L>oi ^J.u 5 r 33^ 

(_2-uLc. lIUj J^jlj j a jG cJGI> LLdLl 3 j t— 3 3-^ i 4 _£.L-oJt » 1 j 1 n r. 3^33^ ^L>ul 

.( 3 Ju4J3I) 4 x.^_i_oj 4 ^z.L_uJI t_ijL 3 c. oL>oi 


4jljjJLJI j*j-c {ju > ^7.10 

RELATIONSHIP BETWEEN TORQUE AND ANGULAR ACCELERATION 

c. 1.4-ijLZu CxjLj jjjt-a 33‘4f >• j<u 4 jj->J ^jl aaGJI 3^ j-G>3-j ^3-^ ! jui> 

3^3-^ 1. v j 3 ju j_iL5^l 4JL>J1 4 A ^l3a (J-^ . 1 3-^321 3^33^^ ^3-^ 7.6 

j_jjL 3 Cb-^_5 4xx*-a 4 ^3-^*. ^111 ^ 31333 4 -ILw 4, At 4Llaj V3I fjui 3! 3^a 1 >J 1 ^ » >J 1 

0 3^3 F ; 4^_tu/La-4 ^3-^ 3 jjG C-i->o r L&j-LlS c-ru^ru 5^313 33Ju 111 4 j 1 u .5 1 x^. xxc^. . 4_i_^-3l_3w ^3^ 

4 ti'-ull 4 j 33 ^x I 1 S3GJI 3I3 6 ll»ic L«i5j 16.10 jJSLjJL jji) La^ Fj. 433 L4 < — i ? 

^jL^iJ (^^-11 l5"^3^ ^ -5 |^ 4j_i_al_oJ,l ^3_<3! 1 Ga i .(^{33_il3 jLuijj ^ i «i 3^33 ^ 3^ ‘—^ 3 . i m <4j y Io4 

3 a / cr^ 0 ^ 4 


= ma { 






O^J>i_i iJ7 _S ^-J_ r-g- 3 . 16.10 ^SLu> 

. b , 4 ^13 C-j>o 

^,£ 1 ] F,. 4 _j^Jo_S t a.m i — 3 i^jJj—£ 

• ^-LA-u.-a- 11 b^ijJt ^ <u’i 


F ; 3-^_dJl 4j5e_tILl 3jjljJi J&J-A ^j-C 

t = F f r = (ma t )r 

v J*)Ajv £jL_uJb * b i >^j (^-uL^-U ^j b . ^1 I bj C.w->- 

^ -la »4.)1 4jLs 1 1.10 4J jL*JU ^_b_jl j (tf ~ ra 

43 '^bdb fj\ ^ajJl ?)-*- 

r = (mra)r = (mr 2 )a 

jJl ^b-c. 15 . i 0 4 J jLjii,l ^-o 

udJ jj <£ J_t^>Vl 4 L*Ii > jlil £ j^j>J. 1 (J^>> jJJU ^u-aJeiJ 



r = la 

Ls^-b LuuiLb u-I (jl i_£ i 
.^iaJ! j^-^x ill ^x. c.«.^tull duljj 4J iS3\j^ 1 £jL*j*JUI 
^JjLu T— lot 4_uljjjJl 4—(jl lI\.->.^Lj ^jl ^4X1 b- 4 

. 4_iiaJnJl 4£^_>Jl F= fllCl j^bJI (b-*5_u bP^ 



^ ( _ 7 -^_ul—>- ^_t-u—>-. 17.10 

.0 4 .b.^JJL jL-d Jj}— 5 e_<a Jj— 3 » 

(j-ttjai j 0 <Jj-jv j^Jb dm 4 ll^ j. i^x'lc. 


ju ^jL£L^1 ^1 4 J t ijr uXj>-. ^ c>o- 4_1L>. Licb 

jLjuLxI * 17.10 jSLi^JLi L« 3 -£ Cj_}b (Jj^>* 


<P a ^jL^uili Ijj.-a-v. dm 4JjSUI j-.u^Xlc. ^ ^L^iV jjlc. ^ Lj^SLa ->J1 

. Ct £-A < —<^-b- 

(jl_5 ^icu-Tt-U 4 jJ_uj^J 1 jjL>JU LLto^-a3l L« llij . 

11 (j^i ^jLlIIj ( _ t -uuL os ^jLt-uj 4 J j 1 c J£j JjuoVI 4Uai 3^51 j jjj^j 41j ^ ^ ^ 'tc ^ 

^jl ^jbJl /pjjj ^ i- » 1 t j. ts^iC. ♦ CFFj 4 _l>»^L>J 1 4 u^uLc-U 


dF t = (dm)a { 

43^L*JLi <Iabj J.wxi 3^-nJ! Uu^LuaJ ^jJl <7t f'J £L 3 

dr = r dF t = (r dm)a t 


a / - ra ol 


tir = (r dm) ra = (rdm) a 


^jLtaJ 4j 03^ » 7*11 ^ws 4jd^ jj^n'ic. ^ (jl ^CjJL 4 j! ^Lu ^yA 

(J^alSbJ! LliSLca <jl i*ir.Vl tiUj jJ>* 1 Jutx . Ct <u"tl ^yjA j L«_j^_^ (ji VI < n 1~< -^a 

4 _c>.jl^Jl 11 <L 3 t_uj 0 f k ^~ Lr^ (jy^ 4 _ 2 jLuJ 1 4 J^bt^lJ 

= J (r 2 rf/n)a = a J r 2 Jra 



LSL^UjJJIj ISLulSLdl - j/Vt s-bj-udl 

17. 10 4J_sLjlU {jja . 4llfv 11 j-u^LLc /wo ju^tlc. 4lulj £jL>. ^ 0^*2 Cu-p- 

Jt 4 ti-pi ^ju^aj ^LJL^ tO jUU jj-^a f <<*•*•H a 1 i ^.jx. dm (jl 

•L^ 

= /a (21.10) 

4 _hUlt ^Jcul) 3 jdlj> ^ jr i? Ju ^ia\ 4 Jl_>- L^u-l^. 1 ULua^- 4 ^>LlJI tfJafc ! Ja^wV 

u£^ljjt juJiil ^3 <—(_t_uLiiu J S"^ d^ !.a£_& .(20.10 

>-J jjSLtlfJ jjlj^jdi Jjsz -a iJr-A ^1^- J—x ^ -JL J i _ ;r aii 4 a ? 1 <J-llj t I ^Jb i_a_^LL 1JI m .>-11 

l.^Ti loLcuJ ^3 4 iii.A JuO ^T— Id 43^1 -jl (jt ^_4-U Q-& i 4-4 jd^-14-U 3 JLAjlU 4jM^kii 

. I 4 J 4Sj^>Jt laldj 4^jj>L i 11 l ^lt->L n t J^JU 4ji j- 3>J 1 (jr 3 . 4 _ iU* i i jAlliM j-fl ^Ljj 


(j-aA j ^jLjuV Jl3 Ca_iIj jj) .:*- >3 (Jj_>. ^^UJt ^.^..^Ji 4 IaAj q\ i j r a ^vX-jJt ^JLc. 

L 4 J JaAxJi <jl~5 cdJj £-Aj l 4 j lo W j 4_c^_x^Jl ^1 -v j! ^jl ^^oAjVj I (J-aLaJU 

a4_IAj>J J o e 4_jL_3 I Ji— 4 J . 4,ja_'>J jJ_c, 4_>^1^JI 4»x.j—uJi xju-jJI ^n a.) 


^3\-u^ ^jLuiULS’ 4 j 4-t-aLiK]l ^ jflli (js-i t 1 ,) ijJJAj 4i_4Liu 3jj)) jj Jlj 


‘^L5*jdi 4xij. 




.^_d! \sJb < r tl^j o\ -l«£ a /wc ^JLc. T'J-J jJ^LaIi ^jc. JlAlaVl c.a« 1 4u *J 

jl 4-4 >V 1 (jlS-a (AL« cr^ Ly* O - 4 Jjfc cjIj^o 3 Jl.c. <»iUA 

ljL« , (jl a daj ^-oJI - S4 Ja_j 2A_3L JUn 

.( 11.10 jmi^i^i) 


L 4 J 4_ll^Jt j— u^Llc. (_ r ic- 3^jA) 3 ^ L^jLiil a JlAc-1 —<_u"i let 4-^-g111 1 (ji >AciJ>-^ 1 i 

CjLl^j^q (> J^d j-jjLlj! da_>. <-iU3 Cj J_^j . 4_j_<_t/Lc-4 oLi^^JL ^LuaVLi (4jJ^ <vr.) 4 j^Isl3 isusz.i CjLi£i^_4 

(jtjjj oLl£j>J.1 ^AojV uUj^d^ jy XL ^ J~y? yyy x!1 3j_oJ! 

O^dS 1 1 l&> (Jy** 


LLUAi UUi 1 ^ 10.10 J1^4 

lj_>. UtjjJs jj jjaiLd jl^ 3 jl 4 _i BjJo I i j r A v“a 11 a M 4 L 4 j jh ^lag 1 a t ai jS~iS> 

,_j-a 3 4 _-£^_>J \ 0 1^-1 id I 1 J^u . 18.10 iJSLa. 1 i Jb l-< 3 .^ ^y-<-u ij — ^..1—a.o_>3 I 1 _L 4 ) Jj->- 

^ ]sy ">dl ^jl Ail <.!i tdJjuS^ i-.i l.jA> AL 3 ^1 JL-uVi ^jL .<-ai Ull 1 _aj .^ 3 {^^_ 1 _ajiwC JlLc. i1 1 11 

. ^<uVt 4^daJ ^ijLuVl 



1 1 * j-ortajl J^*XO$\ 


Pivot 


- fj i 2 ——► o. $\ a <—>L..u->J <l t^K a] L ^-Ll^L ! I cjVjLaJU ^IjJdu-ui 1 \ 

4 1 ,>> ya £_x J J . « ~I_I t _ .J i^i ^1 1 1jt JL. j-jJj ijjJI obj-^' 

LbjJ ul - ^ ^LLI 3 * LluLj 3 ,11 ol—^ (jyJL i I Lj 

,\/g L^i j-3e_3_ixl Ll I ^Lc j Obj“^ 11 _ } L<-u^><J 4 j_sL^ cjLojJj^ 

18.10 (12.10 aIAju,) jjUGJIj obj-^ 1 jO-fi. Jt 

> 4 JUjVi 43 ds 

.<7 t a 

4oj 3L>JI 3j^3 ^Jt> jlSujV! 4-laIij jj4-i Obj*^ (jr^ ^-ALmu (jr*-^ 3jJLli 

^3-^ L 4 ] (j-u-d c-t-uddLll (jyl^ 4-Lsitj l^j ^3J3 j^JI 3j)3 II j L_4_uixL!l ^3 Jj ^^dlj Mg 4 u>>jVl 

. ( 1 jju-a Lao ^)jdJ £lj3 0 ! ubi J 

41£ 11 3^0 Jail j3Jj 4_u 3L>J( 3^3 ^jl 3)1 1 < K 4 v a >j <3s <dl 3^b_5~^ *- < {jt^ 

4_Lx3oj jLa (_b^>* 3^_3il oJUfc 4_sr j 3) 3>bj^^ * 1&.10 J^LclJI £_d> 1^ jxfc c /j ;3s 3ll 

: a_A \l£d )Vl 

*-<) 

(2.10 Lia ^!jjjJI jj->J, I — ~ ML 2 j Jx—lex jdtlu-olj 

r Mg(L/ 2) 3g 


a 


I 1/3ML? 


2 L 


*e£jb“^ {J.U & > L^J 03^4 (.(_LsL3jJI 

(11.10 4_hmi) Clf ~ TO 4Js}Lji2I ^Jl3t3 mi tea is-\a 11 till mu-H <—s\ »<t >J 

♦ r — Zv 3 ) Lj (<djd I 

a t = La = I £ 

* 

4_jj JuL/a 4 _»l-i 4 LL*-l 3>3 l3l 4 j I ^ 1 «3 l^_j| . I Jl>. 4_>aLl> o ^ nil j-j>J1 CL^ >g ~<Ly -t"till 

35 L 2 j ^ 41 !I i~dj3 ^3 3 4VI LxjJl >g < ^ 4>> 311 3 jL£” LajJaC. u _ m 1^1 311 4_bL>. 

} 4 iaxJI 3^->0 I t L\ A ( a > ^_ 1 I 

(J7 ^ 4_Laaj ^jLxijj J12II jj 11 . 4 u (j^- * 3^ g 3ya JbI ^jL<-a3 c-xx (jb^ uL>L3_li] 3)3^t? 

2 

* 4 


— g c-xxjuaiii t_3jua3_Lc 


^yjUli 3^1^!^^^ 11.10 

# 

L^L j)3 J-u3 <4JJ3j ( _ r i^- j-^3 Lo 4 Is 33 j j c.. ^ lsc^_33 Lo LJL2 L^jI^ i^^ijiil t ls3 i_u3 Lojac. 

(3LL .{JLalo^l c_u a! 3ys (jy3Lc t U 3 /<>j Loj^ixi jaxi oj_^j . 19.10 ^jSLxiJLi jx3>3_xj L^ 

SciU3 d 





_}Laj 4.4 ^ 19.10 JSLi 


Si 



>Jl {J ^ j. _tiJl ^rj i 20.10 

obi-* 


iSLwtoJdl^ iSLutSLJt - jJjVt 

^_ys c^_.>. ^ ^jLii iL^jJxU ij^-^ 4Ji»»jJJ Ju L-xjJlIc. 

JuJ^—li-o ^-l-uU/O ^jLui-11 -leia—i_u_5 4J_>-jj! 1 _lU.11 *—>-^! 

<UUu>U ^—4 <_<_uLjIu 4_Livj2l 4 \n a i (j^V 4_i * uLUU 4_U_*Jlj 

j-si^j L^-U ( 4j_>. ji.1 SxxLa j^y 5 4_UiLL!i 0 jx> L&jlut- ^i3 

L^i Lc^l —luj 4JU.jJJ LU11 *b_>.Vl £jL-u_J1 

4_i_Ui • 1 _L£>^ \jt>Jij-n *oj 4_LjjL>Jl q-4 4JUjlU 4_i t.M7 cSk3 U>s 

Jca.ii—3 cJJJ l1jJ-jc_j ji - ( 10. 10) <JLJuU «ij^ l—c 

^ | 4_31. tLo Lj <5 ^ a s 3_/_u i 1 l_& Ji—4u Ju3 f.1^_:>■ ^ 1 o Jui> 

( j^s 1 3^_9 < _ ;r X <_lU j OjJ—>J Cjjl (jr lll 3 j 3 It . 4 _jj j>l —1 
LlLulI (jt-JI jj ^ 1 ^ 1 ' 3 ^ 2 ) tl) 1^-11 l 3 -^ * 4 _L>*JL<JJ 3 <„uJt £j^>Jt 

. 4j_> jJJ ^ Usclu i4_L>.jJJ 4_U^*boJ U>3 ^_i^! < <uJl ijuk 


2LL>utf 2-j^lJJi 2 lcj-uJI 


12.10 JLU 



jj m ja^_C ^—4^3 A7 U, iT a R U^JnB t rt <.r> 1 4l> f 
.20.10 JSUJU 7t-tz>4j3 1 <; *? j^aLol 

./W <Git *s |<iui v 4_3jJi Lr 3 JLuj 4. U < Ji ulJ UlL 

J_JJ!J ^ t ,u.l*3J 1 4 1 or »11 <JiIt XluJlI 


J3-»-o iiyi LT^ ubj" 1 -" ' 4^1 

4_^L>- LT ln J_L_>Ji L-4 -j Jj ( _-r^J 1 3j) ^11 ,^-A T Cu_ 3 - X = 77? jji 

L^j 4_i_l^>jV1 4_ljJI_>J 1 3^_3 . 4l 7r.«.l 1 

41 •>• _ « Ji ^lc. jj_j>J.1 L 4-1 ^>3 £jr lJ 1 4j^ til 3j__illj 4_U..» 11 ^ylr. 


•(ot J3-S (0^- 0 ^^^ c4^4j o'j_y' o! 

:<>=. J-^X /a O' 
2 r = Ia = TR 
TR 


( 1 ) 


a = 


jLt.l c Li ^Jl ^4^. t j_ ij-u (jjjQ j iUt ij^^3 

i 1 y, 1 y& ^J S , ..VI 

^ F\ = mg - T = ma 


' ( 2 ) 


a = 


mg - T 


m 




Culij J^SaA JI 1 


vloj"^-1 ^<uji.->Jl^ 4.1-a- til y\ 0_p- . T iG id J-ukL^a <jr^- (2) ‘(1) {jLxJjLtiJ (^^IL>o 

1 Ju^J . 4_La-.a11 4 _bL_>- If 4_l^.a,J ^ 1^ ~>il 1 ^^l.f.u_<J 1 ^jL<.u_> a.L1 ^ <-u.ctU ^I'-i •>ull L-cti-xJI {2 )Lj 2 
4 i? j n ->Ji iiiLj ^>1 jA- <«U . 6/— /?0t 4 -^^LiJLj (jlU..n^j ^ Lv>J 1 ^jLluHJIj 4_b»- a 11 ^3^2-^ ^-jl. < <■ 'til (jlA 


(3) 

(4) 


TR 2 uy — T : u4 c (2) <( 1) o^ihU-Ui 

a = Ra =-= J - 

I pi 

T- 

, mR 2 

1 +- 

1 


(J u~rx-i iCX J >—ll ■■■ ->J (JrsJlj i(2) 4JjL*JLI ^^3 (4) il^LtJU {_yi (_^ojjjlI!Ij 


1 + I/mR 2 


R R + 11 mR 


<R = 30.0 cm j M= 2.0 kg <c.l~£ i_Ju^> ajLji 20.10 JiAJI yss c^jl£ lil 

.Uj-WI jlAJI <.,...->4. m= 0.500 kg ^ jLlU J = 0.090 kg-m 2 


. 4L==jii! 


10.9 rad/s 2 .3.27N «2L>UVl 


ij>JT2Ul 13.10 JH4 

i-g ^rU-t-aLot ^^CtljLiJLa ^Vu^£L} ^lc. ^CJ S jrt •>- jJj-aiJ 1 j} jl^a /??2 J WZj 

JlAI I j <LLA £j L-o 3 I.* u> 1 .21.1 OH jJAlaJ Lj ^-u=> ya y£t> L-A R y L-Aojj / I j J fj-C- L$J 

3X>^ ^3 4 T ^2 1 

^L>uV! ^a /72j <lKU <«V oL>uV! jjS i^y&y — t-£U L-$y -L j j tj»ji 

!? 

1 il LuSlx -*j Q j_jvI j ^j_juLcj ^rUi^J! LlK! jjLuiSJI jL tiJUj ^_4—i-uj . m 2 41~<$LU 
LieJi ♦^4_el..^ill ujjl 2e ^Lj>o! ^y J\c j CX <--c>-jJi.l 4_j»>.ji»i (1 (y^ 

is>y~A yJt l a (I^CiiltSLL! ^_>Ji ^_(-u_zt_U 4_l_j_u Jul^JI ^I ~l lu L) . xLlSLLI 4J^_rt_lJ ^j^_u 

r^Jua^ ,21.10b J^AiL 

(1) m,g - 7 ; = m l a 

(2) T 3 - m 2 g = m 2 a 



^_>J1 ^.'Tt.LI 4 -lu<Ju^ 11 ^xj—ca^Jl .4_^2_>JI i _ r -Le dyA-i^iv-t Ji ^_ijLj (J-ci—H-j y\ oju 4_jJLlJl 

^^Lx^d L»JLu ‘(^j ~r 2 )/? j-A ^2 4 41 * 21.10c 4 _^juo2-4 

4_lii4>.^L4 ^-a l3^ 4 J 3 ^L*Ji ji_2t!Li_uLi.(T^- X^)R _^a i_rA-Ji BjAlL! ^3-e 



(Aj;!jjtl! lSLy»L!uaJlj ISLulSLdt - ^.bj-uali 



^O-i-UjJl (b) Jjjj! <JV Ojyj ^2 ( 3 ) 21.10 (JS>mUJ 
(c) (VG_L^-L1 ^j>J1 

o$h> Wpg C-*- ^> > ^<.<ocii 

• l£ uM >*>* 


:^ic. i s~ iiCt ^)L<_u. J 1 ua t L^J 

(3) (7| - T 2 )R = la 

(4) ( T 2 -T,)R = Ia 

iCl £_)ji (_r^ CjV.}1-*-<i £-Jjl <J^ 

(^rGijl_»JLI j-q— 5e_> . L_ul .7^ iT*2 iT ^ 

: ( _ T k: J^i=e-i (4) <(3) 

(5) (71 -T 3 )R = 2/a 

Ji^-i-^-i (2) i(0 £-a-s=-> 

T 3 - 71 + m,£ - m 2 g = (»!] + m 2 )a 
(6) 71 - T 3 = (m, - m 2 )g - (m, + m 2 )a 

(5) 4 J 4 I—*4! (6) 4Jjl_*2U (j- 4 ^ 4^9 * ~3L 

[(/«! - m 2 )g-(m l + m 2 )a]/? = 2 la 

L <JjUil i>juk (jSL^u 


: tjr L. (J ■ ^ *»• 4 CX— a/R sLs^yLtil alaitH 


(m, - m 2 )g-(m ] +m 2 )a = 2 I-^- 

R 


( 6 ) 


<2 = 


(m l -m 2 )g 


171^+1712 + 



'Jj. r/s^ll ( 2 >^U (^^>4 * 7 ’ 3 (Tj (jylc, ( 2 ) *( 1 ) (VClLL 4J 4 a tnH 4 JL^j »."< 11 £ 2 2 £LftJ 

^ y. t♦ i . Lo-^° q^SLi m^ill m 2 <mj duL LI 4_j| tU.^V . (4) 4_LLat4! ji (3) 4 JjL*JII T 9 
Ju4s (j Lc. j L_u_u 1 1 L. 9 ^-La-J! 41"X 11 < ti 11 L aJ . u a 1 ii*^ ^jLui-u t^, t n j.ll 4jhLI1 (jl LLL 

i?L>ol ( j_i4 uJL*-u ja-4l!l ^ 1 a(j_^j 4_IL>4I i?juk mj< rr^ c-*-iL Lj . 4_£.L*JI t_ijLa4i 
t_iiij ^-o ^21 "< 41 0 jL& ^jL_S 3 t_^c_j. Ljs^LLaj 9 jL.t.i"i 4 jI_b mj = m 2 ojL^ ! j] La! 

. 9.5 (JLi! lgjlr Jj 1 s \-»J 1 


4_uijjjJ‘ 4^lLaJ!j (JiuJt ^8.10 

WORK, POWER, AND ENERGY IN ROTATIONAL MOTION 

4^2^41^ 1 . .L»J 1 ^ 1 a ~%41 If. i^jJI ^2^ <La>L»Jl 1 — 9 ^ > o .< -»atl 1 ji_a 

4_£11d —jJjt—ilJl 4_£2-Li! 2 2 ^ 1 iIUjlSj 3jJL_aiI olj_? 2 .~i L. r *-1 ^ 4_>uLl!l 4_ dIjjjJI 

s 

4 .,l ^ .jL>. 4^^ ^,w uni.22.10 (JSLiili 1 .5 O j-L. jSjjj ^ia ->41 ^j! ^_y^y ~ a * *4_^^_>4i 

/ 

■ 4-a-4i^i!l (^jILcujo l _j3 F Lao- P 2U£. F o^jJu> 


(4U) 




Cul3 jjrtd la fc i \ m2*. f 1 J^jj ^ :j-uibtf t J^uxO^l 


3 > 



(J3_>. ^ (jr ^lj>. jjj-j 22.10 JSLuii 
3jj ^_i3Lj c.i-->o O 4 l^i 3 i 1L) j_aj 

. P jJ x . jjjj 4_o»-jL>. 


4-Uk Lu . d 4 J 3 I <.1,1.4 (jljjj JlXC. F djiLll JjJuiJ jJJnIiil 

. j-A dt 4-jij<ijJl 3j3LaJI = /' (iS j-Li -^-11 

<7W = F-<is = (F sin </)) r dS 

• F J Ll^UII 4_u$j X\ ^ F sin (J) ru.^ 

4jj la^ 1 IijuaJji 4 _l£j_U ^jl . 4 _j>.1jVI <?L>«jI 3j 3ll 4_t£j_-o 

jIjlJLs <jj Cco. . 4_^ijVI 4 jJj-q-C. M .* *"> Jj-uV F 3j 311 
4 jL^ rF sin (J) jlj-3i.U <_ 3 jjkj O F 3j_3Jl jJl > (jijj^-Ol 

^jljjJ CjI Jlj^V ^JjJ ill t Jjci!IiJl 4 jLx£ (j^-44 i 1 9.10 4JjLt-4-U L3...U 


'. 4^>LJL> j.Lt^ru 1 ^-ALu a 


dW = rdS 


( 22 . 10 ) 


Jjk Cxjlj JJJ%^3 JjJV fj ‘ “ 1 0L)-5-* toJL ^ 1 ^ SjiiLt (Jiulu-fi {J J^jJ ijr L«jil JJljLU 

dW dS_ 

dt dt 

ulO/dt — ( 1 ) <jl ciu-s^j F 3j_3JLt •II (5.7 3J1 jJ^jI) 9P 4 3j. l.311 (J7 jt> dW/dt clu. 

: ( _ 7 i] 4ijlxii oJJt> JijloJ 

op = — = raj (23.10) 

dt 

liUjl£ JiLu dW — x dO 4JjL*JUj t4 jU-LJl 4 _£j-j>JI 4iL>. 9P~ Fv 4JjL*JLI 4_b5L_»J1 ejjt JjLu 

.dW- F x dx <hUI 


Work and Energy in Rotational Motion t2uo\jjJS\'2£j,*J \^^LatlaJlj JAAlt 

4^j_>Jl 4-9 LL> —jJJLjJI 4jj-La-s 4—uoLL 3 jj_uojj 1 4 J 9 LL 1 JI I1 Uj-^-j 4 j,F> ->J1 4_i_uljJ JulC. 

4_£j_j>J 1 j j, j 3 4 4-iiLLaJ! i J_u4 <jj£L dl}jS . 4_^q jLiill 4^j-_>* t- a (Jr 3 4 4 j «. Al L^J 

jj^c_>q JjU :^ 4JLj>» 4_jI <4-i Ini-->JI 4-^j->Jl Li. 1 3 tin .4_aj|j^jJl 

.4_uijjjJl 4^LLaii j-tiiil {^jLt-uj 4-o.jUJi jJjJ-lU tcluLj 

c/J-uoLAUll ^£i 4l^aL-ui<XI 3j£.L^ jitiL-uLs, ^T— la 4^5^-*iLj jju-j Lie.j i L^t-ptju^ i-dij ^ji cjLuV 

:43^L*JLi a j-ojkiil 11K 

^ T da) dd t dw 

^ dt dd dt dS 



(iLjjjjjeli ISLulSwtll - JjVtiLsj-JiJI 


<LtL»jtF JLutjj.Ajl5li>^9t)t (Jb <C«lA u)V Jbw 3.10 Jj JL>. 


Culj j>>v« J >>• JLutjj Jjt 




IF 


co = t/6^/ dt Sx.^_uJI 

ti = dx / ii/ 

4_lL^->J 1 ^ f' j > " tt 

a = da)/dt (_gjljJI 

<a = dv / Jt 

^LxoJi 

II 

CXI 

lex 

^ F = mo 

4_UooJ.l 3^2JI 


to f = to, + at 


v i 

= Vj + at 


j 1 

IF 

j 


constant < 

Of - Oj = tOjt + j«r 

a = constant < 

x f 

- Xj = Ujt + j at 2 


to J = (t)j +2ht(8 f ~0 i ) 


d 

ii 

a- 

> 

i 

-F 

W=fl’Td6 JiJJI 

IV =£' F t 

(J» Mill 

_l_ Jj ; y 4_uljjjJI 5£>oJl 4^3 LLd 

F = jinv 2 


4£j_>JI 4^LLs 

.P = T (0 

dj J-^JI 

vP = Fv 


SjJlSJI 

L = Ito 

4_jjlyJl 4f>joJ l 4 _lX 

p - mv 


4_tIa->Jl 4^oJl 4_ui^ 

= dLldt (Ji^i~>»-U (jljjjJt 

^ F = dp! dt 

4JL_o_>J,i 3 ^a]I 


( _ T ic. , 5 )t £/(? = 6?VF (jl <da^-^L<uj SJjlxU aJOb (_ujj3 SjLtL 

^rdO = JVF = Ico da) 

^ Jl£. 5^3JJU 4_x^wjL>JI SjJiJ! ^La■ "\j » Tl >"iU t _ 7 1c. L» 

2 K' -£: 2 rde -- fj to <to 4 to; -1 to? 

. By-^i 0^- ( j^a ^(Oy^l C0 ; - ^^>0 4jjlyJI ^j«~Tl 0-0- 

•0‘ Lff 

OjLj jjot-a l)^ 3 " lP^• c ~ i ^ ^u-*o- ol Jo-V 4_o-jlo- jJ^Ai (JjJllM (J-iuHiJI 

. <LuijjjJl 4-Sll-iH (J7 J3 j-jjtjii 

4_uIjjJl!1 4_£^oJLi ijr IiJlj} [£"t t~u ^ll \ 4 rtl"t ->JU Cj^jLlILj 4_^l_£ 3.10 (JjJu>JI 

^^Lq-IIOj 3.10 (J7 ^ 1 . 44_^oJI 4 JjLqJU cjVjL*_U u-ulotj 

tjl a*v ~i i trI {yz <ig^ 4 l—l4> ^c_jj 1 1 L^-iii-SLu t_3 ^ i it L 4jj)IjJ( 4_^jokJI 4_oa_£ i _ r Ll 

.^ajJ.1 ^414^ ) 



wOCl I t J4j 5“ 



j^i ' i i a i ( J» < » jju <.<It*»~M <>_Jllil t>i. « . i^> ^31 ‘Xy ^jixJ.1 j ^ Jjjia jUc 

Jj^>- (jljjjJI (a) $ O) SjjljJI 4cj_Jl (j^SLcJI {_ya 34^ ^jI. j < i ~M l _ r >-jL>. 

4_aUs- P 41 ^ 51 I I JM-i- jU.b 3 I^jtjj J>^- (jljJjJI (t>) jLU -~ 


t obj^ 14.10 JliU 

« # 

4j_3j_L JL>»1 J^LL (j-uLol lj->- UljjJ M 4~il~5>a L 4JjJo ^ IVt \ a t r 4xua^ jj Ju 

S 4 J £_4oj_a ^Jl La Jilf. JL^ljJI 44dj_i_u jljuLa U (a) (23.10 

(jj£w)V Lulfll <—A-i^ga-dij LcJlIc , 4.x<Lul5LuJ A^LLaJi 4_i_oljJ_i IjLA i _ y lc *LLw^fi ,jS-a_' 

. MgL/2 (O ) t_<.i ^X-aU 4-L£3l j^jJI /<__uoj_a <-T^I 4-lu-hJ3Li 4_£LLa . 4_j_iljj.} 4 J 2 LL 4_l 

^/ C u> < J- /< 0 2 > L ii 4 4 _jjIjJJ 4_*$LL> 4_3LLaJI £-uo^-a ^\ < ti L-aJutC. 

4_£LLl]| .(2.10 j-Lijl j / = _L Mi}lS3^ xtt J3 <LLxaj <^1 jJl jj ^ all 

; ji£,- =EfcM i> v LLLs <GjIj 4il£LIl 
{MgL = {lco 2 =^ML 2 )co 2 


to = 


3g 

L 


La jJ_c c-o-ua-oli (_ 7 -L^ 4 Lia ? 4 _jLj_>JI 4_Cj._i.uI 1 4-bSJl j^jJl 4_iix_>Jl <Lcj_cuil i^juujj >-1 (b) 


o 

u£ 


j:, i -■ Mit ! '> 


i •_> 


• o' 


/ 


4_c j t nl! <a>L*J! />a (jLLa-ccIl jyOLfc >1 

(&) t j—>J 1 2 ^ ^ 4 _a -J_ 2 ^Jlxj ‘ 4 jj 1 jJ 1 4 _Cj_ 4 _^.Ir> Li 1 

4±& J 1 j^jJ, 4^L> j-Jl <Ccj_i_uil 

L 


!■: Ku 


lor 


Lr*' 


v C m = ra > = {-J3gL 

ua^aJl ( j r Lc 4.k^_i jLlc T 4_ 4 j ^ Clt-i.' n-^ 


j£Ljj a ^ L" i a — 4a — 3 23.10 U 

^-t-u Ij s^ip U M -A ^3 O 4 L 2 1) I J_Lc 

• 4_ujL>JI jujLj di_ 


4_L_cj 4_xLa LJi 4_Cj_<_uJl (jL^ i4_lliSLIl j£jJl 4 


l^L^' 


V { 


CM 


= V 3 ^ 


(SLuiSLdi - 


♦ I O J)ni«rnl4 10.15 J\jLA 

a ^Jt U£ iS^So ^Ll jLa ^iliLu^La 171j 5^ Z?^ C.*-^>- Z??2 ‘ Z7? j ^ t]/Cal^laj-ul j^jA^\ 

. 10.24 J1AJL 

jj-zz-A (Jj-^ jj) is> <41 /? c.is^^i 1 

4— £-2 <0 ->4 i t j— u^ ^SLaJ l ^JLc. J^J^-o ^ (J_t_>J I ^ I ^ l ^ 3^ ^ 

da J-.1.A jL_*J (j-O-il J l^.t.11^1 1 "1 ,,C.j—LM <—«JJ—>. I . (JJ^ 5 v- < nil 4 —^2—>J| 

. 4j«4^fcl]| 6 J-& J-2^. SjiLt 1J ^Jjl^Jl 4-Cj^-uJl dli h 43Ll^q 2 4 JIf t>VI ifK^^V*'" 

W 

. 1 >JI ^1 • 3j>—4_L<_5> CjIj ^cg.3 (j^l l-Ll£.4-i 

ijy 3 i L- 3 j^-u . jj jSu u i Cj^ull ^2 -IjV * 

t^JLujl l^4J! + ^ 

* 

t * >t*\ 

2 < —^ 4 -. u fcuJJLt 2 - J - * - 1 ^ 3 1 2 ^^ isi 1 2 ^ 

, " ■_...*. 

0 -'° ^ 2 ~ L - t - ^ (J24 !£*-»• VI ^3l_tJI ^ 2 —c. 

, 12-l^ (2^~) il.~i ->■ a Lg_&LtbS (j 1 2^2- clr^j-J 1 2 ^ 1 " V ^ j3Ui 24.10 J&£ 

^( 2 -^jVl j 02^-21 t( 22 Lil 2 ^ 1 uVl j 4-^2laJ-giJ 4^2-^^ ^3 j^LS l fA 0^3 4j£LuISLJLI 43LL2I 

(_-r^- (J ^AjljuJl ^3 4_i£L-u 4^a 2 la.}.!! j K -~0 ^1 Cu_o. ♦ 4^a2^2i.i 43Ua ^3 ^yr\Oji]\ 

A K = K f - K t = [\m x v 2 f + {trip) + {I(oj) - 0 

: 4i^Ui! #Jl£> £-XjU2J iD jr— /?€ 0 y- 2 1 <-Zi- 0»2 ♦ ( 2 ^^^^ 4.^ (_j.uA 1 I 4 ] Uy-Cli-pv. 


AA' = + m 2 


l \ 2 
+ —t o, 
/? 2 / 7 


43i_L> c,c«-io^J2 2 4 jI 2 < 4 /VI ; In j, ^~i i_4 Jux. ^l^> j] 1 4^3LLs JuLjj 4^2^211 24. 10 (j* 

2^4 fj_j— a ^! —l^Ls .A U j — tn^gh 2 A (7 2 ~ -tti^gh ^ • 1 4j1 22tl.<-uV1 ^-AIjA LqJl4t. 

; + AJ7j+ A/7 2 = 0 £>JJ^ri 1 \ ijy j^ 431LJ1 

m, + ra 2 + vj: + m { gh - m 2 gh = 0 

‘ 2 (m 2 -m { )gh j' 7 " 

v f ~ (in, +rth + —A 
l 1 2 R 2 ) 

: L7 _a 4laJtl]l i?j_A J if. 32^wull ^jjI^JI 4^2-^^ ‘ Vr- /?C0x(2^ t — 


1 2 (m 2 ~m l )gh 

R { m, + m, + -Cl 

l/ 1 2 fl 2 / 1 


CoIj i. J(ft t ^ 3125 ^ x j until 


^i_c. ^LUI J ^ 03^ -2 t3^ 3^5>LJ 1 ^Jlc. 2t— let j»lj—3e_3— lm[j Dj uLui—>• 

. 13.10 j 12.10 L^a! JiicILx-ul ftj ^jJI <5j^LaJl ^ jJx.’a i u 1 

SUMMARY oOilo 

JjJo ^jjJLUJL 4_u«LL«) 0 4ojij (JM->* r Laj-L^ <. 3 ^> 3^j|j Jo La jin 

. S — f0 J-& ft-LijaO>Jt 4 jlLx3j ^ jJl ^u^_3JI 

Lr* (J^>- JjJj C^U jl 3^o!j Jj JO ftji 1«.>J 4^ljVl 

Ad = 9j - dj (2>10) 

{jy A> 0-1 Lj JJJ^C JJ_>- jjJj ft-i-U_>J j| 3^31 J Jj Ju ft j w»->J A.U-Y^sJJj 

w = ^ (4.10) 

dt 

j-A jjJo ft ^ Iff g^L^uJf 

a=— (6.10) 

dt 

4jjijJi 1 ^jmJu 4J ft-i*i->Jl £)-A ^3"^ (J^ O^ p.^ 7 u-«l3- jj Jo La Jin 

.^^I^Jl ^jL(-a.<J I ^yjjUJ 

oVjlotll ft! J V 1. ia)I /v^- 4 j tOulj j ^-jl t <1 ij Oolo jj_3c_a J |Oxu_> j I ftj <n jjJo Lajin 

:OuL ^ £jLuij ^_oG Coo 4^1-vLil 4 £^okJI L^j^Lujo 4oL2<u ^illj 4 _j£_uLi_Lj£L!1 

( 0 f =(i) i + at (7.10) 

6 f = 6 i + CDjt + \at 2 (8.10) 

m\ =r/> 2 + 7a(B, -BA ( 9 * 10 ) 


o)j = (o i + at 

d f = 6 t + cOjt + \at 2 

a)j = cof + 2a(d f - 0 ; ) 


4_£^ox ^Jj Lg.L^o>o jj jlo 3 ^Jb 4_jj)jjJlII 4_£^_>J! £-a J^sLloj iJT il! JjL*jJU ^^-3, Lj ill 4_3 j^JoJ1 

♦ 4J1 Aul.1 jj 4 

4jjI^J 1 4_C,j_iaJij J-uDjii JrAJLJ^O <OuIj jj^5c_o» >■ jjJu LajJn 

4_JLUl oli>UJl 4oia_>J) 4nj_wJlj j-u3ji,L 


(w) 


5 = rB 

(1.10a) 

v = rco 

(10.10) 

a t = ra 

(11.10) 





ISLilSUt - 


. Lo i-i-usj jJuZ. <LutjJjJI CjIj-JlIXI oi^-iiull ^ya < <r!l {ya <tj| ^ .>. lj 

jJb Cil <jt ijjt ~ A . j tV, t ^31'itl ^'yC. 

/ = ^ m t i\ (15.10) 

f 

Lp_>L£ 45 Hd ^jp2 iCO 4 j^ 1 j dulli *.(_ r i-uL>- jij Ijl 

Sj3^JI ^ 

K r = \lw 2 (16.10) 

jjljjjJt <J^>- <_p! jdl 11 I Q-l>. 

t ijr uj'u>- ^31 jill j^-c 

/ = fr 2 dm (17.10) 

df?l 4il5Lll j, is\ <r (j\± 4_sLt_ai.l V Cll>. 

$Jb |U(i> Cr ic. ^pljj F 3^_3li L-iQp i/->U ^>tj^jJ! jjjGLo 

r = Fd (19.10) 

- 3^ 311 j_j3G i.]n^ {JjudVI 41^3.> 4j I 4-51 <*JL1 y&J i3j_3l! ^3-*-^ £jjJ ij7 Jt d d*j_o*. 

. La jji^a <J3^- J JJ*3 (jr^ 4_ljL>J, ^j^/LuLa jji> (jljjjJI 

jl5 4-aLc. (jljjJ f‘3 X ' ^ CajIj <J^>. (jljjjdl l^_>- (° *■«* 7^1 Li] 

0_ c> » tCt } <-uj>dl 

^r,/a ( 21 * 10 ) 

6J \ \ rtT I 0)} OjLj j yx~ A (J>->- e^juA-z v ju^ 4 a >• 3 j_2 £>jo . /al l J j-J Jj_*__a 

t4 tnlV< i JLi 

(23.10) 


9P - TO) 


j. j «.311 ^jL_uJ d^Jp jj^^a (J^>* ^u_uj>- <^^-3 4_jjvjL>. j JjjLoil jJi-tluJI ^^PisLuo 

^a-i-aJfcU 4_uljjjJI 4£>Ji 45Ho 

P = {la)- \la] ( 24 - 10 ) 




(24.10) 







; 1 -' '•" V : . v v?^ r, 5;'isv. 


QUESTIONS Hlurtl 


L^i (j-o-jJ 4l>„ »lt Oj 1_£ Li) 4 -Lpt ill jjl 
(jl iSjSj-£y* 4jp3 <HjIj £_jJ3 43 LS 
. £ X M/? 2 jJ! jj_uaJL!l ^ 3 ^ ljL-uj 

LL£Lu t. j £ 12.10 3LgXi ^-jL_jj ^\ jLJtXL_*_ul_} —9 

4_Cj—taJlj 4.!■•>- a 1! 4_33l < —il— uj^>- 

L| • 4_ulj 2 Julj 4 nH.l 4IX11 4 j L L J1 

3- ^ 5/ —0 Jl, tC {jjfi" m 11 (X^ 3 *-^-b 1 ^ «. < 1^ > %J I 

OJA 4—>J!—us 4—£3^ *JI 

.S4iUJi 

4jL^j ( ^ r £ M L^It L C^jljJdj LI —10 

q3“* < u 3-& 23.10 3^L*JI lsr 3 La^ c,<j 

— ujJ ^ ! {_yA J t t /^-iQ ^ l *C I 03 4 ft X 
Jlill 3* L j-jlr. Jj—^ lj>oM ^_j 3^1 4 a j rill 

.S14.10 

^Q. 1.IJ . ^jl^^jJI * J» ^ J-*-3 LLi <-U-3 11 

. S 4 J ^IjJI j^-t^all ^3^- jhf-L 

4- JLfaZu^n 4 ^-j>JI 4iiLL> ^-ggiu 3^-0 3 ° 3^ —12 

. S4_u|jajJ| 4 jXI_L> ^jxjm ^ < ii->J 

LaAjljLcI ^c-j .sLu^M ^j-tuu Lu^J ^jLuljXi_f_ul —13 

(j ^a I ; 1 J>->- 

ij^-^^b 4 j2j f?.4 L^!_k>3 • 4j^I 3-1I 4x.j ,f n 11 
3 d <j 3L (^-!L»tjJo_i_oVi 3 ! ,*UL 4_alH 4 4 

j—u*. 4 . S3j^*-0I 6^ < L ^ XLc 3#-‘- u li 

. l£JGj1_>-I 


^X. 4 J 3^ f* * n j xl l ^)JwAj <ji ( t ^-J 3^ “14 

. Sj^_Xu3 j-x£- ^1 J J J) f. O . 4 


[^£^33 i^aJl (_y& 3 ^ 1 1 « m -w dxj 3 l3| 115 

o'op fj—^ —**» ^Ll* o>^; o' 

. S4g.lc 

L 4 J 03 ^ 4^L^J! f l .34 -16 

^jlj ^jL-u3 


^_ ;r ^ *1 4 jj 3I 4_£.^ mil L_x3 1 

31 J^ «*) l_>3jLg£; (0 f?L_>ol Lo ^4_gil fiill 
^jL-uglt 4j?cXo jl Jl2o3 Lo SLu-uIj 4_aLua 4x.Lcu 

^3 4_cL<-Ji i_}jl-fl_c. dL>ol ti^r 4.1?&r. jjJg 2 

cx <?L>ul Ls Sco ^>L>ul U .xy ^<)~«»U 
4j^3I 4c.j-^M CujI^ Ijl 

cx t (0 t0 (jx> 3^3 <4 _i-oi.f^l o^jL*I1 3a 3 

4jjljJI 5^ Ij^l (ju/La3 LgaJLt^. 4^r j. 1^3 
( rtill LIjO- 1^ O - ^ 3 '^*X } 4 j3 mil LIj3JL 

. ^4^ j l^i ^ 

45 3jl>X a a O-jIj 3j^u 531 ^ J3^ 4 

j_j JLojJLj 4-33-11 i jl, Ca a La . 4_ul_gJI 

l . ^ r.jl—uuJ jLl s. a l—A S4 __uL5 3^1 4^3^ *jJl 

•WjJ' 

fjji 4-^j) o.-3 M>m j a = b (jl 3>j-" Xil 5 

3 ^. 8.10 3 ^ fii .11 4g^_us31 CjLc-j-u ^>jt 

j j fj-J oj^; (z j' J' j' •*) j>" l4 

S4_4_lB I SXxi-L^ 31 

4 LX 4 J 10.10 3^- t -*41 (jy^ *-31 6 

4^a Lc 3j^ x<aj . 4 ^_i_c 4_Xj3^ ^-^*5-5^° 

y J.P- cP'* 22 ! J j) 

SML 2 /12 

^ uL^ ^3 - < q 2 J 3a llUa^ 3 13 ) 

^gj 3^^ 4jA^ll <3j_»_a j^uxall 

.SXLUI j_jj3 l^j 

3-^ 0l3J 2 ‘■Li a 4 cIILlA ^jl {jy^j- ^ °>l 7 

(3 cjLgjjl f« "( /a ^jL f tM X 

jA La Sal. >oVI 3^ QLjI iX>*< jl» i iiU 

^ f ug»J I 3jjjJ ^^j 5L1I Xa^L I l 

^^->. 3 ! 3 W^^^ ^1 jLtJLi-u! < ^1 4 J Lt-3 ^ 

jj m fill ^ 3 -a ^u. ju ^3 12.10 3 ^ji 3 





ISLutSatl- 


^]\ LgL^_>o j<uj 1 1 ij *i i I ilnr*. <_ijJb 4 3 K \ A 
4_j t-u^jVt 3ji2l I -x t i.s-C'i 4_o_j_L_ 3J1 <_^LLtl,l 

■^J 


(j-a V—Ls (Jisl O^j^-J (j i Uii 11 j-ln all -17 


)3^ 


»_5JI 


?■>*- 


_tjb (., a . 




VI 


(j_a 4iiSJI (j-* ii SJIjl jCJ 1-a I jl (^jl jj| 


PROBLEMS (JJILk!© 


. aLj-U ^3 £-lia (J>sl£ Ja>JI - Q (_£Ol»0 t 4- Ll i uC ^ L A ‘ Aj. f ",l J_A — 3 i 2 ( 1 

hup:// www. sanunderscollege. com/ physics/q^>.^a = WEB 

4 ._lir .Lo 3 = ^rff] -JjL-uII ^yS Jkj.il A i n t»L>Jl = 

j>*4' jOjiei^Li /4-Lsj Jrljji = 0 


L$ jl3 JjI \rCij ^yjJi CjLiSjVi ■» v inn 
1 £ JpUaxi L^jLs Lq-L. c-jjl a.c. O^Ldl 

. 12 <Lc Li-ii 11 J. if. 

WEB 

crLM^-!' 1 5 | 

L7^ 100 ^JjuLCJ £cJ_>. 4i-?r C. 3jiqL 

,J JJ^LjU 4_jI . 4jLi_3 jji 

21*jJI al^-h ^jJI La (a) 2.0 rad/s 2 

j-jj-A ill_) jIjJLq Lo (b) 

.(a) 4Jjas_*Jl 1 ^ * L<u ^pill tOjljJI 

(jr4= j-^ 9 -l4® “6 

Cr^ 36000 l-Ajl,.l 7t a 4_uijjJ 4 _£.^_<, t \ 

50 ju jLqjl rt..<j Lc j_ul . 4_3_j_sjJ1 

£jl-uu—ILI I L f**i ~*-l cJl&J-JLj jjl J-U-3 

. jl 4^e21 Ojlill 

4_jh5L*JLj ^ L *j <—si J — 7 

, t ^ i 4jj! j 0 = 5.0+ 10.0/+ 2.0r 2 

4£^!jJi 4— C.J —ljJI j«udjJU Uuut >•! 

^ t = 0 j_lc. (a) _j_Li ^jl_ t n "i !Ij 

A~ 3.0s (b) 

^a SJlxj 4-u^SJl 4J1 <» *11 4_L>. jjJLj LoJlIc. —8 
xj 4_l_ilj i nn ^3 ^jSLuJI 

5.0 Jj_ auU JJj^3 iAtjJiXJ 8.0s 

g.1 ]ri t U _uuJI ^-.1.. aj 4 fcyjfclil ^JLA 


2L£j*->t)) ii—ulj^JLl! I SL uL qJLtSm 2.10 ^ m ^ 
Cul_) ^jtj gjluxlj ^Luljj Jll 

^jl— < <1 "n (y* aJL>c— c. la—p 1 

4jjlj 4_iij__^ cr^i Dt cr 1 ! L^i'j 

jla 34 (a) (^.in^l 4_pi3 3 a_Aj 12.0 rad/s 

j->q.3.JL) (6) 4,1'>^«_U ^jL<jo-l11 

. 3^oAil eJJb / is-Ci (jpJ! (c^jaloJi 

^jjIjJI j-J, k 3liL> 4^1^11 4_c.^ xiJI jl, k 3 a La —2 

L^ji jjj j-lc. ! (a) ^ J£] 4 _uIj Jii 

Jj^>. a_l£. j 4 rtl l (b) j (j »a j" i t l 

.s^Vi 

cJi,4j jj j—oil 4 _j 1—djjLLdl J-ua3 —3 

o_>»5? Rotor jljjdi ^ aJI . L^3Lp^ ^ a 

dL>ol 4_pl JLuj 4 j^1j Ax-j^uj 4j 

lLLIu . 2 000 rad/s ^jL^3 ax. L<.o.l 1 <-j ji 3 c. 

80.0 oj 1 a . 3— c *- fi **} LiJ^—>dl 

10 juu 5^j_uJI. ...,->.1 (a) rad/s 2 

4-^ajVJi 4 jiajjl ~QJ ~i All ( _ r a La (b) 

• SjjSLlJ (_yL. jljjdl tj 

j_ki oL_£.L_aiij JpLajJI Lj_JiL (a) ~4 

CjLj^/t j«^ia •>■ i i < ii ~>-l . 12 4 -£.LuJI 

(jL^-ajd! L^jj JjLLIj (_y2lij ( < ^ J Li 

^jj—2—c. 4—c.1—uJI L! (b) 


C«L> 





lIuIj i tj-Siljill ^Joirttl 


(JJ^jl J ^i.^ i's\ a ^Lc ^1—i—<_o djL_t_j_u j—X—ujJ 

oj\ _ j _t-uJI c.<. j 1 — £ !3j .250m oj U* 3 ! cJijuaj 

1_Aj1jl_5_4J 4_jjIj 4 jU-w 4_ C-j _ulI dJj_5e_Iu 

> uu>l 45.0m/s 


(b) j 4_}jljJi 


c-j-lm (a) 

. xgiJ 


36.0 km/h 4^.j < ».> 3jLu_u ^_^u 3 —14 

L&jLlal jl^3 i 13] .pjL jLH <<< ^ 

4_^ljJI 4_cj-^Jl < >t ^1,25.0cm 

j^_3e_/5 4l:>-_.*]i jj..cr._a jl 1 “i r 1—1 LgjIjLbl 

♦ob>^' 

^—j lm —<i {jr 3 £- tn 2.0m La>j LaB 4j —^-£- [ 15 

Sjlji a a < « u J jjJUj ^-culj 

jux. il*_»JI Sjl_j 3.4.0 rad/s 2 

P 4 \txa Ill j t-i nil < i 4 -a- "Lq £_Luqjj /—0 

57.3 U>jla ^ 4 _jjIj 4_^1_>JI (^lc 4 -*_bI^]I 
(a) i^itu rwl U1 <3Ju* Jl_Ic .4VI 

4_Hj_ «J! (b) 4_i_J3e_*JJ 4_j oljpi 4_ c.j — u*Jl 

^-udjJU (c) P 5_Li2JU ^ l~i >J 1 _ lm — 

. P 4 io 2 JlI 

o- 45 ^jL-uj ^3 ( j£>j21\ u * * * «’~<j “16 

1,25 J5U. 4^L 25m/s 4x. ^ <^11 q^LJ\ 

0^3* ijM- lK 5 O' oK 5 *^Ji 3 

cuu. ad (a) 1.0m \jtj. b>4 c a is\) 5^jIj 
<_(-hl>- 1 (b) ^ypy.n li 4_ut ^ill 4 jj!JJ 1 4-C^-oJI 
4jt ^jl oil 11 jljL a a 

. LmJ I I (c) o_j 11 


Cs) 



tj,L ^j 4_L>Jl idol iV, . jLxjJI (J u~i dj ^LoLjj 

^ZlII CjljjjJI JJLC. ^ . 12.0s JULJ C j I?~) 

. (J5b>“ 4jj>JI Jo-1 

cJ- 4 ^ cjr 4 -^ ^f- 5 ^ 3.0 ^1\ jjJU 4l y c j'Ll^u 9 
Ur* 1 4 a C-J iu Cu..iL^ 131 37.0 

jijJCo Li .98.0 rad/s L7 _<4> ^jl^3 4 jL^j 

.Sii^tU culijl cijljjl 

4»J^f^_n 4--J_uif -A_ A l_^0 (a} —10 

^DjVi J^jcj l->3 J-lc. . 

J3^-* A mil c3lH Jj- 431 

.Jjud! 

Lr ln I^JILkjJ ^Ju^_j_>aL^ 4-ijJua (b) 

^3 _ ljj £_Ji3 1_<M-u .0 (JjdaJi uLar^ 

107 (Jjlcali t.L-i ~v { _ r JLl |j .j—ilaJ 

fi 

J_*_) (^jJl jl, i.2 a L<s . L)J_£- 

JlIc. 4_d^«j_?c_^i 

^bVI C-l^-1 3c-iil 0JuS> da A xmJ 
. l£d_U Ll-U 

Cj i ±*S i \ 3.10 

CjIjJ jJi JJuC. C_aiJ>! ' 1 I 

/_ T oJi pi—u ..<; 51! ^k_C. ^B 3 jLj lm jld^j 

. L&jl jJLaj 

SjdLLaJ 4 t nl ->Jij 4_j^oU»5fl IjdaB 12 

j 7.6m l .a a j —>~lj dJj_5t_^o cjI3 ^jij^LAa 
4 _uij^jdl L^jfcLLc.^-ci/ 1.02m 

4 a j 4j/3jjJ 4138 J 4_o_^B _i 1 3j j J 450 Li_4> 

(jjl-B l_Bjda 4_c.^j_o c_ <■/.>! -x. I 

. 343m/s Cj^uaJ! 4 Cj_lu ^_>3 oLc.j-cidl <>Ju4> 



P16.10 JSLw 


P12.10 JSIoi 


IS^LuolIj tSgufctt - *U^urft 


Laj_^^o 3 . 0 m Ls^_Llb c ^ * Bjdlj 

(j -4 ^—£3—>ji —pji iu_j 4 _Li_s_j 

(J3^-J 1 —aj )c . ( 3 m.O) 4-jj_4 In a <11 

4_^_n_a 3^ La . 9.0 rad ^ ^ijJI 4 _^.l 3 ^l 

4_3 cJLU La J 7-'ini<3 ^_«_u_j?fcJJ 

Laj ^U^.-^J1 £MJ £JJ ^£f (jr ^ (b) S4j3_p3^JI 
£_a j^udj-U 4o^JLa 1 ^ * 1 A^aJ {jr ^ 

5 4 3c ~ta (3^1 (c) . S.X 33-^- ait >_(_>■ 3J1I dL^o^l 
4_?C_ILU CjI _X_>-3 ^ij_rtILt_uL ^ni Ifll 4_C.j_ t -aJ I 
l—a—«-uj ^Lsl —tt ~< j — 3 ol {^1 £jr 3 (d) 

(c) 4_r_3 —£jU33_M "i X 1 j Lj L> ~W3 

S 4 _?lIlU Cj|jLJS.J Jl jfclt < nL 4 _£_jL_uJ l 1 m ^.1 

3-J3J 4—jJlJLI i 3I J> a a L_a (f) 

^Ll "< 1 nl—j lILuL^I jjX. 3_ j_C.) S^iti ->J1 

.^ 4 j?cI 1 I 1 oljo.3 

. c<i i-o KJl ^ ol 

JiwjLj . 4.2 —t .. 4 J 30 *JlI 3_a. 

♦ da-ij—uuJI ^y-lLsc— c. 1^3—a f- 

Jl>.!3 _ 5 3-aX. 3-JJu 33J3II (j 1 ^03-^1 

^jlill j>3-a-*Jl3 1 rad/s L^jlj^a 43uL <0313 

* 

Jjja . 4 jjlj 4 -tj-^ tjLi <jl c^> l>^ 

. dn 1 iLLa-Lju 

iLutjj Jj \^LallaJt 4.10 

1 $ * i j-a 4_la-U3_a Oj. k * is~> ^a.1 m I Cj^Lj —23 

^JL. jJLj^ 4 ±£JI 4 la g a 3 $^ (jLutix-flJ 

^3^.111 131 .(P 23.10 J Sutyy j3^ii 

Ls>ji jLLa 4 _C 3 _caj X j3^>Jll jjJ 3 

3 J 1 j3 ^ 311 (a) ucm ^1 2.0rad/s 

4_ul33jJl 4_^3_>JI 4_^LL>3 x 33_j>dl 

4_C-3—uJl (b) 3 -i /(3 ^4_5^—*J1 3-a 4 ilOl 
3-a 4_d£di 4^jodl 43U03 ^a_i_tL>. 4 j Li LJ1 


^ Li i y -ui —22 

mj 4_^>-j 


—J ^.u 1 i ^llnj il_j SjL_^ ■ ■■ n -17 

lil 4^13 9.0 jlju 22.0.m/s 31 I a -. 0 ... 

(a) <■_.■.. ->.1 <58.0cm ^4, jLUVI 3 ^ oL-^ 

(J^i—i. jUaVI CjIjjjJI 


(b) CJ 3 Jljv ^JlC. t^y=>j 3i 4^3__>J1 ^Ju5> 

3 LL 3 L! 4_ul ^ i.H 4_ul33jJl 4—C- 3 —t^aJi /»■ La 

. 4_uL 7^33 jJL £3 jJLa 

A 4 lr> rt <!1 6.0kg \jbj\j ti a 41" ‘s C-tiLLst “IS 

^ c - ^ 3 ll ^ 3 _u_Lal 3 I—a—u:—a 

4 jJ> 3 —a—atil (j 1 t ^ 3 -U <3 <•» .PI 8 .10 

. P J-lc. 4llHI ^i-t-uTJ 4_i_t-uLali3 



s - 


/2jj^ 1200 o-i 15 
(a) ouu^l ^31 

-j—“11 


*jj- 

(b) tyljJI 

J— 1 _> ^jy-ic. 4, la a 3 JloC 4 —l La^Jl 

^j 3 _^_Ji gjL 4 .XI. 3 .H (c) y$jl\ (>« 3.0cm 

^yldt 4_tKJl 4_£LiaJLl (d) 4_BL>Jt 4_LLii! 

. 4_uL 2.0 ^y -2 4jaL>Ji 4_Li2j 1^3-^ij 

^y I: 4l 3 I a a 4 _^ 3 ^tILa S 3 L 1 XJU ^^Lco^u —20 

^yj-uLa-^ ^ 3 ! <a*X.) ^ 33 ^-t.alt ( 3 ^ ^3^13 

3 I <<iU J _>3 ^ 3 ! j <«11 ^da23 . 1.7m/s 2 43 I.V < 7 a 

J>sLjl>3 . 3 ! a i ^l ll (jyl^. ( 3 l>^ 0 l ij ^- 3 

3 !^ iiaJLI 3 33 L- 0 JI ( 3 ^_i ^ySL-uLo-tf^l 

.oULdl &JJt> 3-a 

4_^3^oij 4.0 kg 4 ~i 1~<^ 3 -j_*-us >• —21 

4 x.L_uJi juup 4.5 m/s LA 3 Li^a 4 iblj 




Cull) 3 ^** 1 11 jjuLIaI t ullt 


(3) 


l—c-Ai-Jili-Sj 4.5m <2.7m l —* ^Ipo 
4lUo ^ipUl ^ 100.0kg <60kg 

(^t^IjJlII 4 ■i.i < \Ji 4__uijj jJ! 4_Sj__>J! 
Oyjj a . *1 1 jL-lJLcI (jSU-j) Jj '*'■ a 



70 <26 oWLmXS P26.10 JS£ 


L-a. iS\ aj - jl oLuaJI a 711 iM (j 1 5 _ 27 

mJL jJt) US' 4jt£lj| ?J-4^5 L 4j^Is 
l^r^- *s^3 —«J—^ JJ—>4 ^♦ P27.10 

^Jh-£- L-#i 4_>Ojl^lU <jl O-pl <<—xO-UaJill 
3-Sj-* (JiU- jj_>J4 j-<u UxLc <pjl3 j^-u2l3 
jjfc (^pjljdt jj—ua.2.1I ^j—C (jt O_ul . 4_ljSUi 

. fi - mM l(m +M) J^p. / = fj,Lr 



P27.10 (JSLw 

j*jXr wl Ht 5.10 ft Uk 3 

i _JS 4_1 j^ loj 4 ripj 4i3Ul4 jjUu^iB -28 

^JwqL_*_ILq crJtll 171 4_u fcSj L ^-La 

J0r. .P28.10 JSL5JL L^S ^ -^.JU ^ 
j>Ljw Jj_>. 4 —<lj o > 41 ubi J 

U-x-t-o^vl j!J-AJ Ju_>.| i—b^lo 

. <Lc -I iJJkp <J7 3ljJI 1 ^j-£- 



< h is \^ (Jj ?} ‘“j <H 3^S 4_LlS j_S^>3 - 24 

3jSLii .38m/s ^j-caj (3.8cm 

4_jj!j 4_c^_*u 1 pl~tS y£ju $.j jj_rtx 

4_uijjjJI 4 J 3 LLJI 4 >t ,.,) ^i . 125rad/s 

(j! po^_IL3i . 4__jJl a Hi Vi 4_Sj_^>Ji 4_^LLa 

. 4 < 1 1V< i 4 j 4 jjjS 3jS3 I 

Win 

4 U 0 JL -4 ^Uoj>.l £-jjl P25.10 (JS-iiiJl ^ud^j J 25 
^3 ^U^VI 4_U2j . 4l7vJl 4JU^-s ^jUus^j 

^3 4 —ai ojU 13]. i —»-ai! jSj 4 

iylj i_CLj_taU z J>^il J>>- xy tij. r< .al l 
^ijJI jj ■/-■ 5lt (a) >.,», ^. 1 . 6 rad/s 

d_SLLJ! (b) Z JJ ~>d.l (Jj_a. 2_ajki t i I 

2-^ojt-ifall aLuljJjJ! 


)'(m) 


3.00 kg 

2.00 kg 

!_r\ 

1 



I 

1 

■ 

m 


1 


l 


1 

I 

m 



M 


2.00 kg 4.00 kg 

P25.10 dSLui 


ic.Lai/ jjjlljJl <_Jjic.J i~il<- I ,,il l 1 i j r.r lit 

5jj_4_2m (jlij-xll 4 _C.Ll^ <(j_S 



IXaLydllj IS^ilSUl-JjVU>aJl) ab^urf! 


l_gjljJ jj sc a Jj_>. 4 il</-> 4_j|jU i ill (a) (jju 
4_^l—». j-aaj 41~ 5 11 j-£j a jj > » 

jj-*—a Jj^. 4"i a i."' a 3j_^ (b) J 4 jI jla■ «VI 

. L_uLa_a 


6.10 ft ill ^ 

l JjLj tfl <Laj5kll 4 11 t . ■ n^.1 —31 

j4> La-£ J3Lo 1500kg l<j-,!-,< 

U ^ Cr^J —^ 1.10 JSL^JLi 3 —a 

. 41",5 !l 4lagaj aLuiLa CjIjSLJI 



O <J51_»• j-aJ jj ■ > a P32.10 (J5.«^i.ll 
.b= 25.0cm j a = 10.0cm cbl£ Ijl 
10.0 N 


*>.00 N 




P28.10 JSL£ 


J^ia P29.10 JSLiJl -29 

jLlaVI ■ 4 jj U4 ( a i 11 ajl_*_i!j 3jl_j_u, 

3jLt 3 a jj «isi i ( 1 a i ii jj (ji_uL>. 4J | _ T LsLla2l 

iiLa—^ jj ((^Oj-a) _Uijlj 0.635 cm 

.20.0 cm 4-cb^j 2.5 cm ojlj_j_a ^ tv.; a 

LhjLli a aj 4 a bw t a 4 ~i 41__s! 

jj i^. 311 f-j—c- i/ii. >-l . l.lx 10 3 kg/m 3 

aj——a J5k2>- j-aJ jj-sc_a Jj_^>- ,^1 jJI 

.(>k_tajL>JI J->Ji ^^Iu-11^3 



P29.10 JSui 

Jjj-jjij (jjijii jj-jJ.14jjJij jL_^t_J_ uu\ -30 

JSU ^IjJi jj xs\g]\ j»jx uLul> tjr 3 10.2 


P32.10 JSu£ 




36 


<j!jj Jdl ?j-£- tjru<L_Ja^_*J| 7 1 f>p ... a 

^jtpl^LOIlj w£b 

iilL-tu 0.75 kg 4 "i tiS - B^illa 

U, j. Li4 cJljuoj Bjji_i J)1 T^r ,7w 

4_*_sl J Bj_£5 B^jLLJI lL2j-j?c-a ^ Lsju . 30.0cm 
( 3 ) dlL-uJi cr^ 1 Ijj j-A..T- 0.80 N LajI, x.3.4 

Bj) a 11 4 •>- ~ i 1 ^jdi (jljjjJi fO - ^ s-* ~>-i 

(b) BjJi >£^ J>-^ 4_ *_b! jJI 


l_ <sJl_lc. Bj-jIUI 1 £b,)l_ “' 

^I^TkJI L-j-U-jJ \ l-mi 7w| (c) ^3,3 1 

• L^j I j»_lLd j L-J, Ui 1^ H=lU 


t_dl£jL>.5f I B 4 ^Li*- B^b jL>o! —37 

36.0 N*m BjIj—B —4 o-ilj **5 — c - 

jl Jo , CxjLj j j > 4 J>• jJJo 4. W c ( j r -L, 
t( jr ji^B 6 Bol 4 j Bj_BJl 

0 <>* 4Itt *..1) 4j aljJI 4_c:j_wJI jljJ-B Bj-j-aJI 

Bj _BJi Cjr JLiB ciU3 j_ *0 .10.0 rad/s 

. 4_uLj 60.0 Jou 4 _Lxl_*J! 4_owjl_>Ji 

(b) 4 JLjc_jlU ^ijJi 311 ^jx. (a) * % I 
j uiIliL>.'^l ^bIjlII (jijjjJi ^J-c* j^** ** * 

. 4jj*jJI uU] JJuJ (c) 

4~<1 m 2 >_S.I J-B3j 2.0kg 43 L5 m j J33 -38 

l 4 q « 1 ) 6.00 kg 

4 \ i _& (jylc. 4-1-^-C. (jjJ-C- J>-4J 4 J— B. *\ 1 ' 

4 B..1B .5J i?= 0.25m <>j _ la-3 t 1 — 3 

^1^ o l oO-Bnil i iu . A7— 10.0kg 

j r L^u (block- Wedge) ^ juj 

*38.10 (J^LiiJLj ^—Bsyi j —a L$_£ 30 4— 



10 


La j-xi 20.0 LAjI, iBa 4 jj1j P33. 

4^4 ^31 4_j ^5il 0^3*^^ ^ 

J-AJJ 4-7T B ^uail (J ylc. 4 r j j ..7r_ a 

P-> 1 rta 351^“ 



P33.10JS^ 

1500kg 1 ^ bL ^ BjL_j—<_ u cjijlLsl ^ —34 

j_La_t-o j-4 _>-Vi 5^——*_-sj 0.600m 

.[x^= 0.600 j u s = 0.800 ^3—jj _La 11 

(^ic. ^jL ^ i 11j oj>Ji o' 

ubi- 5 fb-^ .Cj^Lsil^ 

Bjl j Bit 4!•>- r ^£l Bjl i (ull di^*_4 4 j 

<■ f 1 \K 4 > —Bjl j, al\ 4Jbc— c. jjJljV O-j—^_J 

+ {jq£L-lm ^y5 BjL-Li-ulI £)! 

L_^J 34 4 J 1 laJU 3jL_j_*_uJI (jl ijypj " 4 I -35 

BjJs 4_3s_pj 4lrr r CLa LxBj . 4_La^3 1 

j |>L 17^ W ^ ^ j'nu 4 (j*L .J lLIL^Tl-'v! 

J-4 jJxlj—BJi Aim A ~dj Cjljl j i-oJl ^JlA 

0j\, \ B 4 vK< u 4 J>—*-J /_ r l^l jljjJI J. Ja ill 

5^ a\ * -q 131. j^_^>Jll 22.0cm 

L-4^ JlL_u-4 ->.^1 

Bj_BJ1 ox,_>.1. u^= 0.50 j ji y = 0.60 

jljjJl ^ylc. V“( < <tB (jy-dl 4 jj^_4-*-L 

. b^Lo-iLo £jumL} BjLxJI ^LaLxIu (J^>- 


P38.10J SJu 





(^i^l IS^aUjdJtj 15L*jlSL}it 7 *U^ui)l 


J 3 J-A 4 _iiia><J 4 \ _ l 


sJalLLc 





a m 2 ?ft\ LAjijiJLa 4 i 3 i> — 42 

M 1 g "t 1" £j R LAj. laB < a 3j_SL 
3U ^ lfc-S ciuL^ i3i .(P10.41 

i>3 J -i3 3XP* ^>^31 u!V-f— 

Uii 1 QJ* 4 _£^_>Ji fr\j&£}\ IJlOJ . ufji^Irwl 


BjijJi £-a ULoLju lij *d 1 ^J_u 4_bL-.mj 

c>a.l~^J 1 4 __c.ji_t_« I . ^lV* I<o _s £, 

L » g ia jjj - 4 


. Jj—>. 3-4i—^s ( _^_h Jajjj—* 50.0N 4_ijj 43 

Lb^Jad t bts^ i 3^5L cJj—^ t —^ A t --^-j—^ ■>- 

£>£• $ji— lx. SjiLJl .3.0kg 0.25m 

Cr^^J {£ 3 " u “ a .J-^ - 

J 1 L 1 jL« <_r^ JJ^eas J>-^ 

/)-£ 6.0m ^La3jl ^lc. 4_£ja*Jij ^ m >J1 

f^) l —<-u J ^J3 Jialall L-im-Tvl (s) 

(b) {J 3 1 \ 1 ^Uajji 4_c.^_t_uj 4ll£Jl 

1 6 i' r ’ (Jj) 1 ^ “»d! 4 jC.^ frtfl r<-~w 1 

.4lUa]l i \r\ <t*w Ijaas ^i J^elLjiij (3.) 


.0.36 _^ji> 13 ill }-L£J iii.153 ..>.V1 ^ 

5^3 J —>di ^C-i-u Stii jl .^ 1 1 i ^Ca-U^l 

31 a) ( 3 ) t—i . 2 >j£ JW j 

,4iae_*J! 4^->Ji aAJi (b) 


4.1 >■ c. —39 

lOOkg 4 ill <j0.50m odd*, 


u31 Ajl i^Lcl—3til />3-<U .50rev/min J JL_*_4_> 
4 «l~>4 £*~i* j3z .j 4-jjIj 6.0 /_^ 

3j) n 4 ^33 4_L?e_*Jl 4_3l_>. ^1_ c\ 4.U_»_>q 

.70.0N Lifcjij 3 —a 4-^.1 ^.4 i. a i^x t 

^ Jy < \ XI 1 1 £Lj 1 L-JU^i. ^ 1 

.jjI/Lc^JI 4 *t-i 4 j 4 ltr xl 1 ^yu 


3 411 *\ f . 1 /atl 8.10 m m 4 


a ", 1 " C j 24 . 0 cm 4 J ^ l~i (jr $\c)\r\ * 3 i <_j ts~\ 4 —40 

L&j. 1^4 1 . 5 cm oj. lr >4 t 3 1 . 2 kg 

. 4 _^jis j->.L 4 l 3 u 2 . 0 kg I ^ih 5 j 8 . 0 cm 

4 j! J_ 31 4 »L^L-i-aJ 4 -a—idtflj 4 _x 3 j^jJs! C>JJt 

jL^ .> 31 . 4 _<j, 3 ! 1 L^jlIc, 

.(. f^LdJI 41 ^ 3 ? 4 £>Ji 

jl. 1 3 A Ld 4 _>.J^ 90 -J 43 oj) 3 /» Jail ( 3 ) 

jl, X 3 a l_4 (b) S4_uljjjJl 4 "■ >. 4 __bLLd 

La (c) Sdjillj c_* j 311 4 jjl 5 i! 4 _Cj—tall 

v ^£ (d) 4 jl^->Jl 4_^J—t_uJi jij_3_d 

Las li) 5j£3l 4—Cj aU tdJj 4ajl 3 ^ 

. 28 cm 4 ^L 3 l a t m 3 ^SL! - ■ ' ~ 1 n 1 a 

Ltjl.t £ < 15.0 kg Uji .i 7 t a -41 

L&j i ats\ 1 SjSLi (jl “ Hi« a 10. kg 

Ijj .(P 41.10 JSL 4 ,) 3 . 0 kg U-l^j 10 .cm 

(jljjj 2 JU_^ «41 Ti, 4 dul —4 

j_ xi .udL 4 j_ >.1 uj-’Uj 3 XP^ 03 ^ 2 j 4 _l!I 

<i aI , „ 1 lj (jj< 1 rill (j^ <LJ 4 j_>J 1 (jl ~ 1 ~| 4 J 1 

c-^j -^4 3 _^ 4 aJi UiULu lij. 3 . 0 m 1 o $ m> 


(4M) 





3j-j ! jJ I Jl-Lc oj- SO “ 1 1 0^ lj^j —L 1 Lj — 

L J ulC. <u££ jLj — 10 ^Jb La . $.LajjJI 

3jjIjlJL ^ljLjJ,! ^-mdjJJ ^Jj (_y=>j —tj J 

(jr L 4 Li a. t ^Jsl 4 _c.j_i_u Lq (b) £ 34 lLLJJ 
jj-£ (c) SJLLlII £XOjll ^ ^ySjJal I 

. ^laj-La (jjb La J^t T u-u.a (a) 



P47.10 JSLi 

L y^>j^ o* 1 ^jL_ui 800N 1^3jj ckp* 4_^*^>.jl —48 
jj^o 4 _£j_j»JI U mj 1.5m djiai^ c i_«1i^> 

^jLrla>n 50.N Ljl jLLa 4 HjIj 3jJL O^-LI 
4-^3_->JI 4_iiLL> t _- ; -t-u— ~v I 4jlj Li I t<LLl L-J_uLa 
?4 jjLj 3.0 Jukj 4 ibnll 4 j 1 jLimLLl 

t A i f Lv" 1 d £ J K DJ_£ Ojj-Ub i _ T 5 ^JL>- 4 U f. —49 

4^j_^JI !a_u . 2.0.kg <uil£j 7.0cm oj-La 

^_uLj O_>o ^\ hi )L £jl—Mi Tij QjSLuJI O- 4 

(^jJIj 0.60N‘m 3jL 3 a cluLj obi- 5 fv- 41 
0-*j-JI La (a) 41 rr til (JT 1^. j)_^3^_JL 1 4_> ^jjj 
<j \jjJ 4 _£j_^ ^\ J ^ IJ 4i^_*i] fjMJI 
< t . M i tS1200 rev/min Ljlj_3_a LuL^ 
.Sl^cjLu a LSI LjjJu ( _pJ! CjIjjjJI 

Lj-Sj- 4 O'* 3 ^ ^La I jJjXl 4^Lf> —50 

** s' 

4^^Ll!Li Lj^Sj u Vit"t 

p = [14.2-11.6 r/fl]xl0 3 kg/m 3 

oJUb 01 C<oj 1 jL_ 3 /? Cx_j—>. 

3jljuia J) jj is i.4 ^j_C {^Jjj 40LLJI 

j .*j jj—^— 4 ^ = 0.33MR^ 

. ( j^>j'$\ 4.1"^ M C'-Q* 


25.0N-m pjljLa citjlj obi- 5 ^3^- ^LtLoj —44 

Jjfc 4J ^1 jJI JJ) ill! ^J_C. J-^*->. (jyL 

,4_3Lk!l ^IjLir ~. . ..Li .0.13kg-m 2 

jj?elj>JI jj ju 01 LjjljJI 4£.j-i_0! 

.(LlSLvVI J^aI )ojji 15.0 


4 J. 1 I 3j2oJI 4Jl 01 U club lLij 

J j r. ^u-u_>J ^3lOJl JJ 4 /^ a 11 ^j—C. OV - *—^ 

. ^X. La j_<4— 5 4 J J_a_>. 3-*— 4 3 ^ ■ ^ Li . H ^a 

/?Z 4 flit a 4-LL P45.10 ^-ilajj 

LjjLo /' Lj-L.a <. 3 i 3 jLj 3^-^ 


45 


4±LJ1 Lj-^- ~m LjlL . ^i.cu.-y 11 jijJ ^4_cjLa 
< <u~t^\ tj h 4Li.Lu.a L^jLa o^LLi ^j- 4 

I I jJ ! jj ls\ a 11 ^ij_X. 0 J ^ ^ 4-Cj-tdO 
jA (3jl jjJ! 3juuLU ^LlLj jL^LL 


mr 2 / 


U 2 V 



^ja 4 jjJl_ 3 J a " <aJ Cuju ^a_a—uxa jj-u-ujJl —40 

Jj-ju> m ^1 (Jl J-uaj ( _ ;r jJl_3 SjljJ _L»- 
jj- j 5 U ,„ 1 j i 3000 rev/min Jjjj 

4 il ir~* <j 1 j 1-1, U1 ^vC. 4^ljL>Jt * 

lit • 1.0m UJ^j 1000 kg ij-Jh-* 


LkjljX« SjJii 1 ii^aJLi 

.SisljL>JI pljjjJ <^3>UI o_pjJI 10.kW 

R j L ^ 1 ^ i s-\ \ ^ r 1 ^ < 1 11^~*> ^j<oj-——a (a) [47 | 

s' # 

<L^a_a_« JjS. Ij_I jijjJ JJJJ M 4 *1*. £j 
I j! .(P47.10 J^-i) .4iaL>. jXi »t XL a 


ISLj&aU- *b^u*N 


< tf iAi (jL^ I jSLaj . <l! ^IjJI 

L/u 4_£l_uJl( ^^1-i-aj 4j^_ji,.xJ| <^J^}\ j]gt3 

(jljjjJI j^_rc —*23 M 4. j, L -kj 4_j j!_ 4 4 P> aj 

1 JuA _>- 4 jjHI 4_La_llU / O-j_2e_s 


>—-<-(-u- > . 1 . 1 'g i a >1) {j-& 33~><-t I 

(&) ^j-4 (JSLJ 4_uljjJt!i <4_l 3 !^ 4 (. .£i,is~ij 

C-4-J— uz —2 (b) R Oj lr\ 4 i. hi^i ) t-»h^> {jr^j _2 


i-a—4 (c) L 4j^_lo ^lalLLo 


J^__>. CiMJUi 3 I 333 JLlc /? Ll>j_Li2 


_»=*d' 


33 Jl M L, 4J3I0 l 

. 4_j_5^_Ld Ju>. l _5 SjLxi 4 j rt 4l ^L_ai >3 4.i.un.. 4. a 

(jy ^ 33 <LuJ\ {j-A _>JI L-4-j__Gil ! J_ij 

JC iu!L) ^_Gdj_ * 3-& I_4—£ 

{jr 2 ^\ 33^ Lo 4_ia_>J . P55.10 

Sbjljjl 4-lC-J-lm ( 3 ) <_ 


55 


y 



P55.10JSu2 

1 ^Ll - ^0 (c) 4—c.jl —imj jl —a (b) 

(d) 3 y iX 4l*i^Ll 1 3-^3 —a 

. jliijVt 4Irwi \ .i 1 c Jj £32 Lo£> 3 -a 


L&jUoj -uoi 4->“( 3 ^ C-X.-^l_U3 J 3 I_ C*Ll “56 

^jjJlGj 4 _IL 5 jJ^_u 3 33 2 "; . 4 . 13 1 7t a l_^_t_t^ 3_2 
0.381m La> 3 Li 4 i ^ 3 -^ Vl 4_L 

3^LLxo 3 ^Ul ^j^-o CJI 3 In 4 31 CU. 

3^L_j —oj CUjq{ 4 . 4_L*- 11 I 4_t_uLc-4 


dl 


(P 56.10 J^_A) *Ui 0I3U 

—>• 3 -jllaGG ( Jr x-H lLs! _alJl 31 CjJ_ ^-3 4 

h- 54 . 0 . 0 cm ^uj\ ^3^1 ^jJi 


t— 63^l^a 4 , 0 m 4J3I0 33LHI 3 ^ { A 1 *s^ I 1 ~^- 

L& 3 .La^ ^ a isi ^ 4 <j laa 1 a 4_jjI^ U , „1 oj^j 

4x.3_4 o3_4 . 1 . 0 kg I41K3 0 . 3 m 


. 33 SUI J -^3 3^3 3 -uJLal 33^c_4 
< 531 ft C Cj->Ij ^ 3 Lm-U 33 ^— 1 ! 1 ^.Ic, 3 >J < t^» 1 1 

(_yk. Jjluit JjuUI jIjlI^s La (a) . 2 . 5 m/s 2 

4 __j 3 1jk- 1 l 1 ^ ~ ^3—t_u J ^3 Lojj£. 53_SLJt 

. Uj ~ H L(b) S8.0 rad/s 2 

La 4 _^sL^ 4js.jJj JjjI* 2^SLjJI ■ **j a 111 

4-^.^v 1 a 1 1 (_3L1 3^2^ 

(J3 3 3* (c) S5 a j<i U flLA 31 3 

.9333^ L7^ aLljoJI 


o3a5 J3-* (3 — 52 

3Lc 3 -r.j) ,<>)a_a 200 kg d_Ll 3 0.60 m 

jjt^SLaaJl ^a 43 lju^>Ji ,111 1 > . til a I j^aL>. 

( .$£ 3j_a 4U,„3 10000 rev/min 31 
3 ^i. v - ae . il 3 ^“ 0 I JJ 1^1 311 ^3. jli >3 a La (a) 

aLSl 1 ^ jlf (Jj.'’). dl ^ i> <~i 11 jl.t 3 a La (b) 

4_C.j—auJI 3^ aJ ^—ajLi£. (c) - ' 11 "11 IjaA 

3 j 1000 rev/min 3 ! 3 _atL_=*LLI L33I 

3 °lj 3 - *—3 aal 3iJ 3 ^ S 

31 ubjJL-II (JJi—*—a al_Iaj)l dJ K ", -a -VI 
ojij 3 311 42 LLJI jl.t 3 a L» 500 rev/min 
.SililCi->. 5 n 313 (3 43 >- 1 j 4 ^LLa^ 


65.0rad/s (Jj_»aj j^ _a «II ajl^L <«l jjaj —53 

!_gj! 3 i L^C-jLuj 3^*4 afili Juu . t =0 Juic. 

4^5L«JLi 


a= -10 rad/s 2 - 5 / rad/s 3 


L^ji. f.3 — ljU i xiu ~>~\ (a) 3U.I 3-X33JI t CU-LL>. 

0I33JJI 4j^x. La (b) t = 3 . 0 s JlIc. 4J3I3JI 
3 31 LA33jG ^gJI 

4S3JV 3-L2LB c GxolI l_S3_»j *^(33^ 33Jt_a — 54 

k^— // 4_351—*-1Lj p^luL^. |<i.t.u>l AT (jtjjjJl 

/ 3 ^ 1 n ^arll 4 jK II 4 h<-ll M <.~nj. ^ M 



£<jL-) 1 I JjijJJ5 i^uiUJl (Jyarttl 


(S> 



P58.10(JSui 

LJ P58.10 JSLill j* 3u.ljjJI -58 

(jrS 4.Ox 10 4 kg-m 2 ^3l j jj) ks\°i 

jjJu <ji njjSLw 4JL^>* 

(J y>- l-3j) til I, I -.taj ddl <—Jj_a» ,AA' dulj 

CjjLj J—cuJ ^j^_j tSj gfej 4_ai^jJI jl_f> i u a 

daj—>JI (jl —j—bL > 5.57N Sjl j 2 a 

La. jL» < JLI £>-* La.v \ c. jp^JuV 

LoJL lC 4_aljjd! 4x.j^uj| jt JL 2jz 

.Sjl aiuii.1 t—s^AUI da-pJI ^jjc 80.cm 


c n is\ ij 171 1 ^ “ 1 ~ *8 S^SLj J^_>. 1 ^J *1* da-t >- —59 


daj-adl >dl t— 5 ^-LaJI jj . T Lfc^daB 

^j-a 4_^__>J I J-2-UI I J_jj . M 4_Jxll_S> ^Jn lb 

^rua.xi Jd_i_oi ^Jj <jljdj dJj Jlju^ 1 


Ijl , I < all £_a 0 4jjlj ^i-uaj <_^La 

Jiull (jy5L*i L - iC ]l tilliL^VI JjaL*_^s ^jl_5 
Jjjd* •> ~ . ill (a) [X J-jli.1 

4 JI jS J a ill 4_X.^_«_u ^j| CjI _uV 4_Blda]l 


J_iULl ^^-t-Lu. 1 1 im\ d 4j>.|jV1 


V = 


4gdM(m + 2M) (sin 0 - fi cos 0) 


11/2 


i Li 4 JV JLl J2MJ ^jL<_a-jJl jljuLa Uujta-I (b) 


.0 t g lM itn 


^_^j^L! 4 _u 1 jjJlJ 1 dJsLLijl Lq (3.) — f>0 
jdaB id-uaj . 1 1 a nj J J—>• LgjljjJ jj) a- a 

.5.98X 10 24 kg j 6370km ^jVl 


L$J (j — c. 3 jl —j_C. jji ~ 4 1 


dsLaJJI J-t-aj L^-Llj 4_La2j 

—dJjl 4 —jjL-jJI SjjjJl (J^i—>• ^jLLxjj 

IdA Ij^_o .^1 ^ Ml 4U.2> 51.0cm 

4_<^_j_uJ 1 j^afiLuJ lj-tu ^a^LuJl ^LijjVl 
( ini^-l . CjL a j)-U-1 I 0JJt> (jyA . 4Jj5c_jlU 4jj1jJ 1 
. 4 l-^ ».1J l^-^ ^ Li-u.l1 1 1 l^l j ufLA j I Jl ^.4 



57 <56 Oim^dt P56.10 

L-AjLIal £*5'!_t^l 4 _>-ljj l—cjvI_ us Jjl_5tj —57 

4 Tt aiJ-jup . 4jj^1 a a 

cdaa-^ 1 !-^ R L^daS i si ts\ \ 4.l-as_tJl 


. 4_Lsc_jlL 1 4_i_oL4^3 ^jLLalu ^U1 ^yc> CjI^LlS q\ 
f- 1-11 Cj la a 1 ^ \jl\ ^LojjVl ^Ldj C^al*9 

dal al\\ q] (P 56.10 ^JSLC jdajlj 

^1 (J-i-taj BjjjJI j-jldalu (jr ItJl 

^j-i^aj 1 a 1 i \ . ^yu i a jl l 4 Ian ) /ij ^Lajjl 

4_oL 1!1 SjjjJl ^-jldallj (jy-J-H dal a ill 

ijLiJ 4 lan ) (jyi^-1 hy>h^ jdiujl ^1 

#> 

^j^a-SldllJ l^daJ ^a^LuiJl ^1—^Jj^l Ij^-A 

C-iLa 3 L 1 H aJJt . 4 lar all 4 jj1jJ 1 4_c^ < nil 

(^jl^Jl ^jl—uidJI <.la i u^Il-A j 1 > 1 n a (_ t m ad 

. 4_l-7r % 11 






jJl 211 r 

31 U«U cjLjLixII t _^lAJ l£] L-L& - 4 /-^S ^ A 

. 3 juU L$J uj I 



( _ :r >-jU»Jl aj]n°i 


^ " t A ^-J ,l^ X t)' (Jf Jl 1^ A 

jj R/2 


-64 


c-cj^tj ^ 5 -^(P64.10 J£Li3j j M 4~i li^Cj /? 
J * 6 * ur^-* 1 JJ-^— 4 J>-^ ob. 5 ^ 4 'i^ * y 

Jj—>J I 4 _j 1—$_j (jr ^ M 41 ~i ^ JLa_ij • 4 1“> d I 
ftl 4JlSJ| t“<U3 ..I 131 ♦ i _yij £\I <_3j_3-LU 


(j! clijjl . t ^ / <i!l l j r A y 4_^l_ Ljj—a 

(j^J 4 —ae _jJh ^jljj jJI C. 

: b o ». ‘ ^ t i 


ty= /?{ra(g-2y // 2 ) - M(5y /4? 2 )} 



P64.10 JSuSjj^ 


L^jl_tu3 ilij-^tj jl ^j—^S jj-jjl “65 

l^] ^y-il jjl JJ -U^Ul 

<^_l! <j>£_uJI ,>• / =20000kg-m 2 

t 3 >Ltl jJz. . 4 _jjlii 12.0 f^ja lO.Orad/min 

al*_*J! *Uajj l<JK~i ~vVI ^11 m "<_t jjjjJU 
^Ijj 10 5ijla ya 8.0rev/min ^1 10. ya 
jy^ll ya jJyiil (jljjjJI fj-C: yout- a-l (a) 

(b) j lO.Orev/min Si^xJl Jl ^ 

4_c.^—<_uJI oJ^Jt ^lir f.L_3_ lU <L}j^lIn 11 3j jl-SJI 

. 4jjIjjjJI 

C hi*\ 66.10 J^U! <> s£J| -66 

./ 1—gj ^j| jJI jj— uz —3J1 —c.j R L&j-LaS 

OjLj 4j ^_) /7Z 4i3Ul ^yjS^lo JljkI ^Ji^aTu 

^ <_ 2 ij_LaJl LftJLu ^ 


(2j>l>0fetl IS^UjoJIj ISLjjlSLai - JjVlf^ll) 

(yiaLijj (b) ~j M R (_,—jl j j3—|»_y- 

t . a < I I 1 j'^> a ~ I riLl j_paj^U d_uljjjJI a^ lUI I 
4_^llaJl j j a ~T1 i_<-i-u_3-l . jJU 

<y»j o' j' . ‘ ~ i Li jijJ 4_jj|jjjJI 
• jaLc. 10fXS ^lytj jljy jljjjJI 

LikjIyaLl LilJa^ 4 _loLl^dj a c j ,,, y 1 . 1 ^j£La_l -61 
(j-uaj La^Jj (jlJJ-J-J Cy 3 uy^ J3Li- 

d a-^l 111 «a i La-^ua a_i yai (jl 

(P61.10 JS^i) 

{y 1 « ~tl (jy ajjljJI a_^-lj^l a _--*-y 

to 11 aj^ljJI a_ C-j _ ..il l ^ (ja , ^ j *1 1 

t t <ii ~^t .a <^ 1.. ^ ^J1 a_c.^_i_u y < .~ I < 'X^ t 
: a_J IjJ I Cj LjLljJI (j-a a »Lua^JI a . .. 

A0= 31.0° <co= 900rev/min ,d- 80cm 


A8 = 31° 



P61.10 JS^2 

(j-a tl JJLC-J 34° Cy 3 al^r c. —62 

JjjlaJI jSya (j>j jCLaj (_y!lj JulJI 4 jjl. <.<~iU 

(34°^^ ail^ cajL£ lal .a_^L>JI (_yJI (3j_uaJI) 

R _j _4 ^ ( 1 1 1.1 II (JyLaj 2 \ In a 1 3 ij (M 
(a) i ..«. ->■! .m (ys> j_j>.ly!l dJULJI aJLnSj 

j-aa al^r all (yl jJI jjjutu 2 TI 

j aJb^jJI (_g j) ~ i 111 a (_,lr. yjj) <1 r. j Lkj_£j_4J 
jjrtjs (Jy>- a l-y....U jyljJI jj 3 tl (b) 
.aiacjOl y1 ■■ a (_yl^ lyiaLxj yaa 

2.2m 4_c.1_ 33 jl —i—A isi <_sL j —63 

uu. ^1.23.0kg 4.ih 0.87m 






Cui-> J i I ubi^ 


—^Ltia-iVl ^^L-t-uj (j^Scr? -68 

Juuc 4—Cj^ jua^jfl Bj—^ 1 P 68 .IO (Ji-jJI 

L- 3 j_L^j|^ -f 4 _Ijjo J—3.1 4 j 1 £j 

* ® 4 j^Ij ^xjloj C^j.Ttj 4 1 ir^i Axu duuLa ^1 
r c J-*J £^U1 ^-Lc. (jl—ajj Cxxj I jj 

3L^c-5 1 ir\ til BJIji , vie 3^£JL J^L c-o_^_j 
B^SLJ i jjl Q-t~il ( 3 ) .4—«L_£.Jl_£ 4 _£.j— 

(JjSl 0 L>0 JulC. yJUl jL-»_) j^>» \Su L-kj-i-U 

Jo_3-u-_3 Bj-fLH (b) (jlj 35.3 <j_a 

4jjljJl <jJl4> JlIc £^Ul 03^ J.-ln ijbtlJ! 

Jju (JJ. ic. (jLx-uijij 

2 1 

c 3 cos 0 

4 jL_^j Juir. 4_cj) 3 ^_S 3 I CoL^ 131 (c) 

4-ijijJl Oj-A j2_C, . 1.0m 1 ^ Ijdo 1-U3_c. 

jb- < all 4j» CxjJI *4_j>.^_>J1 


^j-a 18.4cm juu 

Cup 



Hinged end 


P68.10 JSL2 

4 jjI jJI 4-Cj. 4^JI 4_?r j jl > 

'.4is}LtiI 12 lip (i ^y3^Jl £-6 4lpeJli] 
ddldt - aj 0 e- <n 

4_c.j. i tJ1 j .t »T> . ^jLlulj O tO>Q 

a_>u 2.0rad/s r =0 jJLc 3.5rad/s ^ 
C«l) ol_ c^Ll-U i?jus> ^ j— bc-J. —i_«i. t— 9.30s 


69 


B^L-uIl jy t-A ,^ya . B^L J 1 (jyi-c. j 31 a 

J^Ji 131 .<jyA*\ J 3 UI ,jy^uX \ 3 

i ?jl a c. j^_ud ai_>oi BjkSLJ ! L^j) 2l >q 

d 4 ^ 1 _/_u-^g tjJj-j-ijJI Jj iV) i *i.) ^"ljv 4 _C.l_i_oJi 
dSj^Al C^niisl .4i I <|V1 £-u2>J (jH 3 

4_J^ 1 ^ i_uJ 1 (a) < l-i-u >- 1 Sk u » 11 

c- 

1 lo i U. HA ^ JL 1 LdjLLc, 5 ^-lH 

JlIc. 4j^ 13-I1 4_C.^_cuJJ 4_i_>JuJi 4_^_j_aJt (b) j 

tl = 1.0 kg-m 2 o_lil 5_L_iJt ej-jb 

. m = 0.50 kg </: = 50. N/m </? = 0.3 m 
.0= 37” j<i= 0.2m 



P67. 10 (JSLaIoJIj 1— e^i . (jM- —<3J 

3^Sb ^.ic. J-<U 4.ll< .11 3 ^ d^pcj (j3b-i-^La 

jj— Bil ^3 c.j 0.25 m La^-L-i 4 

^ 1 ^- 4x.j--u3jJ,l 4JM1 dlj—. I I 4 ] 

Ij\ M« 2 e ^JUVI J3U! ;dxJ! 

J l2u J 1 l__l_ 


(a) 2.0 m/s 2 oj15 

.T 2 *Tj 






wjjj obj-^ fj— 1 “ 


(a) 


(jjSb LaJlIa 1a g iljjA jjAtA Jja>. 

(iv) 6:00 (iii) 5:15 (ii) 3:00 (i) c, jj_SI 
5L£ jLict 9:45 (v) 8:20 
<U . -a ~l (b) (Jw— 

(jbjjiJ! jj_c. (jjSb La c i c (JLli»—si— 

I—UMlO-l . IJ-A.U3 (_£jLauJ (jljjjJ! JJSt^S JjA- 

Ja&j cj1_3j5J1 

. S l \ if A /. t y L\ 1 A l ill ..." t 1 


jIjlJLa (a) Jj € 0 q iO *") 

(Jill otjjjJI jjla (b) t= 3.0s XX. (jjlj-It 
JJlA (c) 4jjIj 2.5 Jjl (_yfl 4j>.|jjJI L^jJLso 
u* eJi 3—A-ijjJl l—fljj—>3 ^Jill CiljjjJi 

• L> ^ 1 “ 1 

ijjj 4 x.Lm/ (Js cAaLJSj jjSLijJi Lj_aa. -70 
(J-bJ (_ r 3 (jlij-lJI £J_I (JS 3 jj g will 4_C.LuJi 
.60,Kg I ~1~ <j 4.5m *2.7m La_$]jL 
(P26.10 JS^i jJiil) ^ lOOKg 


ANSWERS TO QUICK QUIZZES :ii£j^MJI Oljluigl HiUj 


(c) A ib—bJi 4 C. j—uJ! (j_u—AJ 3J—Je. *Jt (Ja 

* 1 )= R<x>/2 (d) d= 0 id— 0 

I jXus b jL-j a r ) a— a = t) 2 //?/ 2 = /?cd 2 /2 
^4_jjlj CO (jV Jol_Ail! £-1_<A>- J—1 a. 

.a= flco 2 *u= /?co (e) 

..I = MR 2 (b) J = MR 2 (a) (3.10) 


<Ljl <a1 a Jj-£ (j-4 ajj )5 A 4_XSj b ll (jljjjlll 
L<S-jlj (£jI_ibj (jbjaJl Jj > « jjA J—A—jjl 

tjt- o — « jJ I j-jj—« <Js J^' Vj-bs 

•jWI 

P 4ln,2llL> jl_U ^ (jljjjJI (b) (4.10) 

* 

^ijJI JJ— dll ^J—C . J-l£l — *— U < -1 1 IqjJ 

^CM = J-* JJ—^ Jj—^ Jj-KL! 

jj _»4I (_, lot" 1_<b_u tMR~ 

jLU jj—> 41 Jj— a- (Ji!bil jj— ua —2J! 


fj-^ 
P 3 L^:U , 


I p - / CM + MR 2 = MR 2 + MR 2 = 2 MR 2 


^>3 ^ai—*-Ju Lul 4_jJl_cuJl CO (1.10) 

fiLu til! j£^. <-cL_uil i-jjLS-c. dL>oi jjju 
— ts~t ~i a Ct iCO 1 <U i 

^ <u>JI lL>Ll^ co 

> 1 4 c a rt 1 (J^L>- L aL ^ j u ->Jl 

b-jji_ ci c. <?1_>ui ijy S ((J^l 4_ C.j _ lm> j) 

ciillib .u-Ji .x„ulI $L>oV! jl 4_c.l_«uJl 

L^rt-j-3 jJr. ^.L-uxaJl <^ud* yc. cllij £0-^ 

La Jl \c. i u ^^ 4 __iJLtrfj 4 -C.J. i.n 1 i . dj^-co Ij L_tj I 

L-j-i i >i") tCj^_cIu1jL_jj| ai 4_uo(^_iJl 

a & ^jL^uj ^JLcV 

— t -u. 7 aJ l -ar "i —a {jA (jl—3 itiiJjJ 

. I 4 ^ t's\ £A c?L>oVl jXf. 

UoLu^tJL 

L$J 4jjfc_jtii t-Lal 3.}Ji :^jlj (a) (2.10) 

^^^3 L_j-J_ujJI ^j4> (Jl-A . 4-j^ijJl 4_ C-J -ujJI 

< n IS>& 4^jI jJ! CjI ^ 4^ n Lul J -V "i ( III 

j*uui jsj ^. v (b) 4^ijjjJi a^Ji 


(4M) 





{^JS> <L<uJLill oL^ljjdl 

r 

£_XJjLj5 —a X t II 4_J>.ij_> JmX\ 
4_a-*_nlJL£ i C 4,l-<.u-lII 

j_jj^ £_L 3 jl-iiii J ^3 -J-aoVI 11 

. 1870 >1— c. cjt^itLTcjl j—^ 


(jr^l ( 33 — 1 9 iy* 


^jl <LysL^oVl 

i—tj.jJ-'i njI (3*^ 4 -Ia ^j—lm\ 

. 4j 1*1 4<*^j (o_9*^—->J|) (jr^ 3*^1 

^Ju«jV <L?c-*J1 }&ja 3 ! *-loLA-^Li 4_j 1 


jl-srll 4. 1 mi.1 Lj t_*J 


4 a 1 "t ->*X 1 


/il i> a d 1U -~w. j 


j* x 9 J 

Rolling Motion and Angular Momentum 11 


: ' JLi Q t$ 


1A_S>^12^ 5.11 

Conservation of Angular Momentum 

lj 6.11 
Sj lj JLl 12d»wJ lj 

(Optional) The Motion of Gyroscopes 
and Tops 

2UgljJl 2 lS>^JI 2l^-S ((^yL>-lj>l) 7.11 
^ . j Tjt <Ll»SLS 
(Optional) Angular Momentum as a 
Fundamental Quantity 


iJL«t^|«xu^ 4 _ 4 >>j^jQli 2 L£^lt 1.11 
Rolling Motion of a Rigid Object 

usl^>iuii 2*11 

The Vector Product and Torque 

3.11 

Angular Momentum of a Particle 

jljJ Jl4L»> 4.11 

Angular Momentum of a Rotating Rigid 
Object 













mmm 


iSaiisyi-*u^uiJt 


^U-JI ujL-JI ( _- r ^ . 0-5 Lj 3j-^»- jjJU ^ < n y £~a J*1 jub <— a-j£ Lu-ujJ Jp>La-uJI u-sl—Jl 

v ( 11 1 4_<_uij JL) 1 „i l J ** 1 1 1 ^ X °i {jjSL) V J-4—Gj j. ^ ^1 4jl_3» 

<x.i 4 .JZ <_}LJf \ j .^1 .Rolling Motion 4 _t_a.^>. jliII 4^^_>J1 ijr ^.<^3 ^jJI 4_£^__>dl 

4_£j_>Ji 4_i^_^ TyA-~*- L_uLjJSj .(jijjjJ! \Si j-oLLq (jy ^ l_i_<.gi_<-ul IjjJ i—xJlIj 4 4_£j_>J1 

3^3j . ^-uu->«-! 1 lj-^J L>- jtjj^ fj^ jGjj ^-i 1 !>j . 4laLaGl-i 4 jjI jJ 1 I 4 _la£ j \ Jlj>u * 4^L->JI 

i^L^uiii ^A-il J-2 ^j-gL-L-ul 4 ^^j>JI 4 y>£t cLuj jj_)Ub i 4jla.>Jl 4 £jj>J 1 4_j_cfi f. l_£j (jjjtjs 

-4o^Jij 4_j^_L^g_Lil ^t\lU ^_Lua_ij 

ROLLING MOTION OF A RIGID OBJECT s. IM 

4_£j_adl Jl4ij . 3j- JW JJ JlJ J-^La* |<uu> 4_^_>. £_-o ^oLt-Tu ^u-g_aJl Ijuk ^3 

<UujU=lil SjUoL>Ji ^1 i «y'$\ 4iU < L ^°i <jLj i ^ L j < tt jJ 4j| V] .4_^Lc 4_a_uaj SjGLjuq ^ ^ 

^-^qj>JI ji Loi liII^ ^J1 e^.i^31 .jUUVIj BjSJIj 4 j1 jL< u^M JjUiJI 4j>-jj i-^-1 (jP-il 

Lo jJj”*- 3 ji jj_5 4 j1j)L 1 jJL<5 ^<1 <-.-i--V- ij] 4-j| ^ ,i.ii A ?r L < <; 

. 4_Jl2~i I 4_u I jJ I 4f}^>J I 4 ^^Lc. lIILlA ijV$ ^4_uoJL>- 4_C>-J^>- JU 4^j_>J| oJJb j 

4_!u5>L1 I jS,j^Q Jji (1.1 1 ) Cu . J) Zuu*.A j L gq.xa (jy-L- jCu 4-iijL j »t ^jl J 

Ijlaj .Cycloid j-jjK -u-u ^ 4»«<i j I j jdii Jj&\ jLujj L7 J3 4 _bL>JI 4L£ > <<<4 

-u£U 4_^.ln~ j_4 4j1 j)L t.g! 4JL3- ^pLcl ^jljubVi 4_»_i^jJ Lijl^a 3-^ 0^3^^ J-5^^ 1 0^ L7 


j—£^>3 6 4-J^ljj 4-il < tfVl JJ JU Ua jJx. .(2.1 1) 3^ LJ ^ 3l ^n; (jLxjj R LAijLl^ 

4JU 4L£I1 4_ii^_xxJl ji (1.10a 4J^L»_4 S = R 0 4_JjL ^jlu^ 4in^Jl 

. 4 J 3 LJ.L} ^yL-iJtJ 4 _l^JL>J I 4_p»jj>. JuJl 4 £^j>JI 


V CU - 


ds dd 

— = R — = Rio 
dt dt 


( 1 - 11 ) 


4->ljLi^t jl jGG LoJlJlC. 


(1.11) 4_}jLjl 4 i4jlj)L < ^yU 4 jjI jJ 1 4ii^-i.ii]l (j7 _A 03 CLlj_>. 

4,^nJl_>21 4j>.^->-JLli da jJlJI J-^J • 3XP' Oi J 



^pili 4jnnllt 1 <t.u,) . p isi~ . " A JaJ». (JJ 3 J>£^JL 1 . jlftta rtiH jIjLa Laj^>. 13 4 CjtjLcoll 


l> il' j JL)J) « I ilj jLu>! Lll^atZjj 4^L>J| jLtC. 





AjjIJJI d£ jjxJ ! i jfuC' 



4_i_>^_>. jjxji 4 _£j_>J! ^3 (2.11) ^SLu« 
4j1 ^i-jj.^\ j^-U Lc-Lu d_i^aJL>Jl 
4 jU.^- 4^l_iuii, 4t£j 1 jJJj-jcILj 0 

s =R0 d^ S 


4_i^JL>JI jJcII <IU 4b£II _^£^JL 4 jtn>JI 4Jbe_*JI jljuLaj 


^CM = R ^ = Ra 


( 2 . 11 ) 


♦ 4 jj! j>JI 4_Lt_*J! (X 0 _l>- 

. l^JU-b 4jljln<<>Vl /jt^ 4<?1~< ^11 Jnaillj 4iii£J! 4 .jLl.>JI oLc.j-x.uJ 1 Cx^-y 1 (3* 11) <jr^ 

4 ^L>- ^^jJI p 4 In i?x 11 4rr x^vjJll 4 Infill £ya 3j-j.nn3 4 j_Lqj 4Jkjj CjIJU u 

# 

c j-xi djjiz J_3 Q 4In xt\.H j . MLdo 4-*_}LeJ! 4 _c.I i_uJ( £_doj 4_^jLxiJl 4 -cL<_uJ! Oji J J~3 

4 in i 4 jjr> >J 1 4_Cj_<_aJl dnj>.V . i Jk£L&J 3j_xIa-C.. 4 jJ>UJI 4_nLx_aJl 3j-ZuL*JI 4_c,Lx_uJi £_dn^ 

{jja . 4_Lx>J ^! ^5 Z 5 4 In In j 4Laa'J1 <?Juk {ju JaunljJl iJ7 Jl£. £>jSIj 

• CjJl 2 cjV 4jjl Cx-cv ^-ln_<-u.U 4 _louiJl]L) 4 JLv. P 4Infill J-Ic. ^jJI 4^L>Ji 

-XU i ^ t 4 *il jL* 1 n Vt ^ Ln tLt alt t I ^ ^ 

/” . P' Ji\ P iy* 4JsLuJLt q\ iyl^JI 4-Cj-^JI 

uM- : P 4 a! /nil ( a /^n j^jjLx-uJ 

j^jLuJ P <k.JOX» 

2^cm = 2fi<y 

J-d —*-J LiC.J idUli (JT ^ C-(_j- <uJI iJbj -*_J 

JSLZu ^3 4 j 1 j^ In < fj^U 4 _x^»^jw jdJi 4^ -r 11 L>. j^-4J 

^ < ii, •>- Jtnaill a --V ( 3 . 11 ) U< 

4kiL, ^.u Je. .U3I ^ (iJai.) iJUlil 4^ ,> 4^I> 11.4 

J^>- 4-Jii^J ^Lu 4 x/nlL>Jl 4 jin->J1 4^j^?eJJ 4.jxaxllj .4ajijj3 4 _£j^^ 

2^! t a 4 c. v »<■- > ijJ v •>- ~ i d 1~< 1 1 * v £ y a 

cm 4il^VlotJ^(11.4a) 

dJj-stlu l^jlr. 4 _Ll^j c< jjJijV 





(wUjIjjfcJ( K_kI 'ijJL? tj ISL u tSL d l - JjVt f. 
P' P 


U CM 



v* Rta 



a_s> 


(4.11) JSL£ 


t j5L4j ^ i ~ i ja. u — 


t ^yH , 1ft A C. La^L. 


.1 


4 i^i 11 4_JLajjI 4 ^ 


»cm u= Ra» 

/> P 

(a) 4 ,11 X~,M (b) ijjljjj 4£>jd>- 

p' 

v - V CM + fto>= 2»CM 


V~VCM 



(c) d j .1 ! J ^>3 i U._.’.>■ 

jjt (JjJtj (4.1 lb) ^JSL lm 4 m ill 4 _uoJL>JI 4_ajIjjJl 11 •> 11 4..» . .. jl (j . 4^1 y , n i d _J| 

4_uljjjJl 4_c.j_oJl L 4 I 4jl^ U.n^n 4 Udi ( J£ jj| -xj Ll^Lji 4jbSUi jLU [jljjjJi j^=_a 

<J£Ldftj (4.11c) (JSL Hit 4 ■> iMoXl 4_p^jj*.Jull 4^jd>JI ^ s-Q-^d 3 . (0 

4 5 b\. ..VI 4^3 4 £j^ (4.1 lc) 


V, 


CM 


+ Rw = u CM + v, 


'CM _ ^ V CM 


Jy£j-a dJypcZj Ll>L-ti Lj^-ilul . 4 j1j) V\j-u VI ^JLl 4j^u 4_i_Lxi*Ji 4_^j>Jl {jjq j-&\ 

. c LxLa^ sJ! 1 ^*1 r.j ■ k 4_j 1 j la 1 ^ y La • xi 3 1 ^y> l jfrUi ! A a i L«a-^ ^CM 4 .^ \c.jjuxi A l"i^ 1 1 7*2 

. (jr ij U£ 4_d£J I 4^3 LLs ^yC- jy*-i (jt 1 ilSl <u 

K = i/X 0-11) 

2 P 

4jjI^xJU 4jj_Icx-5 P (jljj.jJl j ys>z-A (Jj->- t-si dJ 1 ^j-£- Ip 

C<j-w I (JjLilxnj I l.uS*.*;.) 

1='CM+ MR 2 


K 


-/ CM <y 2 + ^-M/? 2 <y 2 3.11 4ljU« y 


v, 


CM 


Rco 




1 4 j > JLtii 4S^jfcl i ^4tefci1 ^truitf 


<S) 




uM 


K = |/ CM " 2 + ^c 


(4.11) 


.£^J>*jCb {<U «.>J 4 tKW 4fkjJ>Jt 4jhLLo 

(JlL<u —Mv cu 4_txSvJ1 j£j-a J^_>- 4j|^iau-o^J 4-utjjjJl 4fT^>Jl 4iilio (JlLoj — Iq^(0 -L_>dij 

2 2 

4^Ud c_3j_ju! {ji /^-5L<U fu .4_ijIjjJ 4-Sj->. (jjju <JluL£ L*j! 4--J14^j->JI <\_^LL> 

4£j->Ji 43i_L >a 4l^Jt j£ij-a J>jo>- 4-uljjjJI 4^_>J! 4 ^Ho ^^o_ot>5 L^j! ^i.^. £^>.jCu ^-cuonJ 4_l 1£J1 4j£^>Ji 

.^\j$jiiJ\2^i\ 

4x.4_>Jtjii. 4jaLLaJI jJjjJo ^xJlocILju (jl LuSLqj 
jJjLo ^gJo-ou (_ 7 -i^- 3^52 JuJ! 4$^_>HLs 4alt ill JjLJLI 

4-^j_>21 cjVI_>2 <-2Jjl_£ ^lLuxj 4_^2L_j2,I Cy-* ■>» 

3^£2I ^_jl ^o^_a_i . (41 oel_j 21 jj <Lilojli 4 j ~**j->* J^Jl 

4iaJaJ t j^a OljLJ jLfij jVjji >.JL2 <j (5.1 1) <J5Ll!L 

JlHII 4£^j>- £)I Jtx>.V . JjUI ^ 1q-<uJ 1 4-a5 Jiic ^ 4i^aJl 
3^521 {jK tiJLiL>.! 3j2& CjJL>-j tij 4 4 *tU 

. 4 ±^ i *—■*» <jmj2 ^ jjll*jl Ij 



{[J-*-* ^ 3>-^ (5,11) jJSui 

lit 4 -Lsj /ft 4-_; < V_ij\^_J > l 


4JUx 4 Icuii 4__j52jL£_ 2.1 4_jslln.il jJgj& Jw^. 30 V tif!L£L n. 1 c j^s ^u^Ji ^1*1 

.X-S-A 4jLb ifijS .li JjVjjl lit \Sj-^ t 4_f-^*H . 4. In >2 ^1 ^Li<nt.l 4-a ajuJLj fj^>Ixat 

.45jj>*J 1 jl^xi.<-ol ^_>3 4 ^ojI^_l1! 4 J 5 LL 0 JI 


(4.1 1) 4JjLua 4oIj£" Ui^-4J 4^uaJ L >Jl 4 _l>-^_>-J iiii 4^^otil V R(X) 4^iL*Ji ^\ JjVTli hLj 


1 ^ (}?£m\ + -Mv 2 

CMy r j + ^ m U CM 


K= -L 




_ Uk 


K= iKf+ M ) v ™ 


(5.11) 


i ^ jlc jJjj L^jJI J i Will jl , II 2-a tjj£L) (Jjlii I_$J~< mil 4 jL^-> (jj!) 4 .j “i Jjuaj 0-3jJ I ^yS 

4JU yo OiJU JL3 3^1)1 (jV ‘(JjUi ^Ja-uJi j-4 h Op. tMgh y* 4_ujL>JI JLpc^o 4 U < uly 

(JiLiiJ! Ijuk jyjl-Luj (5.11) 4 J.}Ll4j SULulIIj g^LSJi ul\ (Ja^u L». > it - 43 U 0 (jli . 4 < 1 3li jlI^ jjSLjJI 

.(jUxaSHI (juLfc 3lji m<) <juil ^_Lnll 4ll51l ipy< 

Kim. + mV- 2 


21 R 2 


+ ^j^cM = M 8 h 



tS^»Lu Jjtj *bj_ui)l 


U CM “ 


2 gh 


1 + I cm /MR' 


1/2 


( 6 . 11 ) 


ua&j yCt—i.u 4_u..«_xa 4_uijCol 

4_Cj> tn\\ (jn-nli tilji V] lX -?3 i‘i i u ) 

5^£Lll ^^_>.-lT) UU (J-i-oj ^1 ujjtlll Jjt (j-a £j_>.JiIu J-LaJ t_4_ol jJuVI 

fjylc. j3^j Jj 4> $4jj_^LaJl 4j3L_uii 


i JjU S^S 1.11 JU-4 

(JjULI ^-LiouJI JuC (5.1 1) 4 _ r 5 4^_u3^J.t 4~^ x^ill SjsSLU 4_ lT t 5 L I i ^ 4x.^_tjjJt 

. I j^jX 4_lL^JkJ l 4-L?e.»J I j I Ji2 4j 

>tW* 

. K—0 4_£jj>. 4_^LL>j Ug—Mgh L&jjJs 4_^LLaj JjLU mil \ {j-a \ $ "5^*. 1^-jj 
4 l^^a- Ul {JJ £> \flgh ^jL_oJ 4 _lLs_>JI 1 $~c,j-ljj C i)l£li ^l.ijjVl I Jl^ q-a Lj 3j) <ir C i L> Ii i a L^j I i Loj Ltj Lu I j 
J-iV 4L£J1 4_jli^>»JI 4_C-^_mil < i> 1 Julj L^oLLa_)jt (Jj- 3 S^-^tfL2U 

"j £)t Vju 4 _uIj^ 3 4_^LL> ^]j jJs 4 J 9 II 3 (js**} (j'd lj-ku tiU j (Ji3i (j^3 

pj (j-^3 (2.10 (JjJljx ^_la_il j 'Uqj^j = 2^Zq^.4~< a u-^ 4 5 jk^J 4 . 4_dUiIul 4_^j^>. <L£l_L> ^Jl 


( 2 S h 


1/2 


^ j' 11.6 4jjLt-o 


V, 


CM 


2/5 MR 2 


1 + 


MR 


( l0 u\ 

■ IT gh ) 


1/2 


4_La_u^o 4 _jJ^_jJI 4jvijVI {j! I J Ck> t4-lTt^Jl 4L?e..«It u_)L_uj>J .\^2,gh ^ya tjuk^ 

4_ijL_*Jl 4hUU 4 jLh^ LdSL^-* ^jdt .h— x sin 0 4J5^LaJLj (Jdllt ^ 


10 


■^CM 


4 Itt r Jlj>u (2.12) 4J^L*_<i 


j-^tj t; CM 


CM 


gx sin 6 

= 2 CIq^X 4 j^jlL^-LtSLIt 4 J 3 l_t.iL) 4J3 LjlU eJJb 4-ijl 7i<,\ 

t 4l^l 

-g sin 0 


(4M) 


AS yxl \ JlIII t ij fii£. 


C«D 


i jl 4Jhk!i ^ 5 ! J- 4 -IjljV 4_1u?\ 1 ( j-£jX 4.1tt t Hj 4_£-j, t.itll (jl (jiaj L$jV 1 4_aL 4> ^jLlUil 

.J-iUJ * * *tl 1 l c 4 _L>ol! (j h 11 u uAuui-tSl} At<i i L>*-ill^ a_~ ^ I ljI^SLI! (jl (_£i 3^£31 Ir>B 

V] 4^jLl!i a ^jlla ( J7 k- lJ-4 -^_»_L_u 4_Lc_c jl 4 ILq-u3-<q 4_jIj-Lo-l-uI jl cLb^a. 3^LJ CL: Li l_4_u->J I lLLIj U-iX.I 

^ U«~i oVjjLjlU iJT 3i y 4^3 4 _jjLiil cjM->sL»JLI . ^-i.«*ij g sin @ (Jj_B ^£-iJC*Jl t J-oL*_U (jI 

ct^j A-L&il j ^.L^aW lL^-b j - c-I *] a CM 3 v CM 

<jL£ ijj Akc_jtJl Lg Jl ,J “( (a tJT ILll 11 tg Sin 0 (j-« <JbI <» 4juSJi 4JL?r.f. CjVL>J I ^-t^-~>» 

CjJJl3- ^JlJL £_<aj tL±3l£lL>-Vl ^JJU2. (JjU»l ^.k.^-ajl 


•iL>»j^>. JlHI SjJS^I (jJLc. (^>-15jlaj ^2.11 Jtl* 

(JjLcJt JLiU ,^3 L$_JI LlLu o yj Jll\ j^LllJI Jfra 7i ^:J 4 jSv j .^ q LI j Jl ] 1 ^JLszZ..±j.lLlm JUJJ (j Jt ^3 

. ( 6 . 11 ) uyy* 


1 tWi 

(jt J^>u 4-ti$JI (j3^_u (j^_ilB ^I Jl rx~fu-u 1_) 

2 F X ~ Mg sin d - f = Ma CM 


2,F y - n- Mg cos 0—0 



J_ >~3~1 (jVI . (JjLU .lo^JI (J^-Io ^jyk- t^yi\ -3j X Cu-N 

(^jJI <. -m<UIl . 3jkll Lr^ (jljjjJl 

.JkiaJl 1 md (Jjk, IJuqIjcjuoj 3^£U! y£j-a j^wCJ 

iJ-£. . 41“^ J1 ySjj^x Afg j n ji < fc n ^ 

# 

jj^>JLl I jjt kj->o i _ 7 '\j~l "t 1 i>V 1 dJl^ .->»V1 3 ^b ^1 ^/l 1 <*<* (jl ^^ 

. 4_cLJ! c_JjL3il dL>ol Lu^jI T (jl (it-o-j . 4-cLiill t-ijLk: dL>ol ^3 fR l£jL-uJ 


Jjn <G. <-. t^.a 6y& (6.11) (JSLui 

. jjLd ^ !r» 1 11 

j<u |^«_5 i-Cjk dj-^- J is-^ (_gj l . < il _l 


T CM - fR - IcM a 


° - a CM ! R 

j - ^ 

’ CM ‘ 5 

MR 2 

£ _ ^CM a __ 1 

(5 MR \ dcM 

2 

f ~ R ~ 1 

{ R ) R 

5 


■^CM 


( 2 ) 


3 cm = 


: ( _ 7 i£. J 1 ^ 1 -r 1 (1) SijLm ys (2) 4jjUJ,l (J^Ls-L 

.(1.11) Jliu y& jjLiiJ! £-A (3^3j Lo J 


ISL-LbJJIj ISLuiS^It-fb^t 


4_*3ljJl 4 _i^wjL_>J! 3j_3il 41 ts^sr a ijr Jt ^F OjL£ ijl La 4_1Ljv ^j3t!L*_uJ ^F = 3^ 

cr^" i 3"*^"^ ^clcXmJlj ^JiL<.«l £j->*Juj Cr^ ^^31 4-!L»- 1 4 LitI 3^J-^ 4_LtX. H i3jUI (j T i^ 

j&jl 4_LfcjJI ^Ji2j ^3 0-*3 JF ^\ < 3 j f>>~i L^jLs 3^1U 4 jKH <L£j_^JI 4^LLs j.i juV ilHCi -vVl 3 j 3 ^jl 3>a 
^ JLc. 4_Hv ^3 4._tic 3j^ La-^ {J3l 4-jjL^lil 4_J 1 3 "n V1 43lJo dlljd 4_3 e_iIIjj . 4jtUt 

. 4jjIjjJ 4 ^j>. 43LL> ^Jl (Jjptlu 43 LLd ^Aaj I . 1 l 4^ jlj La^j • 


V i A jj J jJM A~lL+ jla 

(J-uoj l a-4JI . 4_Ii-5tJJI > (_y3 La^jjl ^<u ^jjLa Li<..u 4_a3 jSc. <—lj_>- ijr JJ LiJj>. i n 3j^j 4J_*_u 3j£ i-LL^i-al 

3jUI jj! ji ^5) 90 cujI^ 4jj!^J! 31 ji l3La S-JjLU ^<«1 i 4jjtj lJlsjjj 4 jV* 11 *jVjI £L3li ^it 

S. ( ljb>- LL>j 3 < u < Li a 1 4i3 



^jJulu3 ^1 A. ^-Liu-o 33-^ £J->*Juj i^Lal! ^J] ^j_uiI 1 a gj] 

.A ^JjLU jUjI ^yt-lu 4Jj ^-jJlc.j B (JjLq ^Lu-u 3j^ 3 j * x - u ^ ^3] 


THE VECTOR PRODUCT AND TORQUE ubi^ ^ 


2.11 


> 0 ^J-udVI 4 Vi <jj .(7. 11) r 4»st_ILa Jl 1c. J_aL>. ^t-us*. jjjp F 3j3 jj ts\\ 

ub Lblj . 2 HUJ 1 .jL& (jii l-»ij-«ii/) U_>Sb j«j ^y >3 'l£jl 3 2 7 

^yJti <|) Cl<-b > - r F Sin (|) ii Uula 4 Ll3.i 1 4.^ i.tuilj 3^-aJS 4-5t-p-j * 10.6 

.F j r (j \.j 4 jjl 3 .II 


I 



(j7 B X (jBjjJl ^3^ 4^eILo (7.11) 
r 4-a- i.ll {yA 4 ^Jj)o C. <?L>o5 

. F 4_ajLJfcIuuJ.1 3^3J! 4 jseJL aj 


^jjSu 4 jj->» (jljjjJI CjJl_>u F (_p>j *t jj_>J.I 

4 jl 3 !j 3 j- 3 Jl OjL^ I 3 i .F j r />-a QjSHI 4^jju_*JU 4^1^- Ljj-a^l 

^ 3 -ta j 3 ( 7 . 1 1 ) 3 ^-^ (JZ& JL>JI jA La^ xy (jrl^- 

(7.1 1) 3 j_ 3 Jl . Z jj all 31 j—a 4 _j>- ILaJ X (jljJjJI 

4 _r.L_uJi l_jjI n£L ^jit\c. jjJLj 3-*—^ ^jtjjJ (3^ J ^- > ^ 

z j^u 3,^ ^ oL>a! 3M 33^- 

I i a&c. L>J . z jj ^ all t_i_>.jl! <>L_>o^! 4^ x oj^3 ^3 3^3 
l-JU^JI ^L>uV! 4^3 x 33 ^L 31 jlIc. (7.11) 4 j^Liu 4 ^ F <>L>ol 

■z 

‘LaU^jSj .F j r & $ -r ~ U i>> ~_i T (=-J-c.j 

1 2 
4 3 4 ^1 Jl^6_!La iilj . F J r ^4-uaJ 4^jJI 4 ^j_jl_<^Jl 1 4^3^- LiJj. a C. 




^LuSj ^ L>^>hLJl tjjL& I 


(S> 


42>Lc. gr.~i ;~i, ..‘I jl LiiSL<u (Cross Product) ^UuVl <_>j-^a)l J^U. j! cliL^ac_jJLI (-Jjulo ^.<w »3 4_j_Lobj 

.F j T j X (J\.i 4_ujaLj 

t h rxF (7.11) 

4-seiU <J_uob*_S B j A LujJ iil . CjI g .3r"tU l_jL<3J^ju (jVl ^ let« ««« 

C (jl B^ A 4 jj 1 ^JI ^jjt> 0 Ci-o. AB sin 0 1 ^ ~<«-j °i C <Qilj 4 $ ^Tt a 4 x ^ ^ titj AxB 

. 4_taL*_tlj ^ylaju 

C = A x B 



C s AB sin 0 

tj£ Ai II £_ya ^u2>\j ^A> t. 4 £ Bj A (j- 4 ^j^J.1 £>Lx^i ^gjij " < a 

<?L>o! Qjjj&fa 0 4j^ljJI B <^2u A <>L>u! i-Cu j ^i.fl_AI juii 4 _ajj^I yL^lj .(8.11) 

(j ,^Soj 4-^tILo jl j4La 4>^eILij ji jJLa L3 JlIc.j . A X B - C O- p - C 4_3cail ^L^-iVl 

* * * * 

4>j^Lc. j_juoj i]>>5 Jj ^?3 l^ae^La l_)j^4o 4_!L>J! i> JJt> uj j t > 1 H ^ a < «j t-dJjii l^fclLa IjLlrt* Wj-uaJI J-uob*. 

)j) .Cross Product 4j^_lLj>oVLi ^^ B ^ A n c^lljd^ 4_Jl—>dl o j l_a (X) ^yu^j—£t 

: ijr A oL^asUll j->- 

JjloL>. SjLail J> j ♦ Tt (jl 03-^ ® A JM^i 4-^_xll j-i-C. i.oJL^ o**fl 4_r*4lU s_jj «>>H (1) 

1_4^ 4_rtHli c-J^uall 


A x B = -B x A 

dJJj ^ya JL^bJl jjSLqjj J j j 1~ ol ^ 7Tall 


( 10 . 11 ) 


-xld cr B ol ^.or ill C-*JJp Cjj-J r bij 

♦ ^ 1 ji_di SjuiL^ jJtllu-uLj 

AxB=0 o! Ijla ^3 AxB=0 ij jl^ (0 =180° 3 l 0 =0) B 4 _^uU <^ 3 !^ A cdl^ li| (2) 



^-Lo-Jl Jl_J1 



yjt A x B 4_^ Hi t_jj_ua ^ (B.ll) ^3^ ^ 

4 ^.L. u a (_£jL_i-uj A/? sin 0 dji j-i>3 C dJLj odLa 
C ^l_>o1j .d^LjuJl ^3 4 'j 4.1 VI 

IJlAJ B J A {yA l$ 3 “ »«U b^j 4—c 

U^A Jl jujl SJlT. 1^ tfL>viVI 



(2U)ljje)f ISLuUjjJIj I S-jj l SLdl - j/Vl »JjcJI) 


I A x B I = AB jj jlui B 4^1! Lj^ A bl (3) 

(j) (^1 (jjjLi! j-iJaitj 4,-3-JlI.! (Jj^aLa. (4) 
Ax(B + C) = AxB + AxC (11.11) 


jJb t jJlLa j t l 4 i mi ilL) 4_?tjJLI i>,11 4 .^i 4 (5) 

( 12 . 11 ) 

. ( 10.1 1) 4j 1 ci jt-> B j A Slcl^a i_oej_j 


d .. . dB dA _ 

— (A x B) = A x — + — x B 
dt dt dt 


Unit Vectors ■ ~'' gy ~11 3ji».j t—njjju 10.1 1 j 9.1 1 (j» £tul) (ji -'"A 

:4jJ13JI 3 JX.L 31 ! j ^ k j i (Jjlnt i ii 11 4jt3il CjljcxjJ 4j*3iJ.I i—J^ i^ll <jl 


ixi=jxj=kxk=0 

(13.11a) 

i x j = - j x i = k 

(13.11b) 

II 

trmm i 

X 

II 

X 

"n 

(13.11c) 

kxi = -ixk = j 

(13.11d) 


# 

. i x ( — j) = —i x j j Ax (—B) = —A x B 4^t3ll ttn\\ 3JL>. ^ ^ *~i! 4 Jj 1^ diljL2u^llj 

Determinant jju>4I USLuJLi 43^. ^ox*3Jl a > B ^ A (j\g -a-3^ 4 j&i11 < 3~i 1' 


i 

j 

k 


A v 

A 7 


A 

A 


A x 

A v 

4 

A, 

a 7 

- i 

y 

£. 

~ j 

X 

z 

+ k 


y 

X 

B x 

y 

z 

B z\ 

By 

B z 

b x 

B z 

B x 

B y 


(jjVI (jlc. (Jjua^eJ ClibjLjkJU ojui ilLojj 

A X B = (A y B z - A z B y ) i - (A X B Z - A z Bj j + <A x B y - A y B x ) k (14.11) 

Ax i H ujjall 3.11 Jlla 

Ci ill j A X B B = -i + 2j j A = 2i + 3j 4JjL*JUj "j *± > xy s y~ i 1 “ U pi« 3_< (jl g ■» ~< a 

A x B = -B x A of 

<lW' 

(j) (13.lid) j (13.11a) 4JjL*JL 1 ^i,iVnnlj 


<$> 





iSLulSyi - Jj*Vt £^3tfl) fr[j^xai\ 


^g^k.;:'.> ’. , 



4 Inai! 4_u.jx.l L; fC_u_u_seii L 4_Ji_3tl}! 4jj}j^JI 4£^>JI 4 _l*^ 
^Uul. -~>Jl C-J^.. isn fi ^ual >• K 0 

P 4 jin^JI 45 ^j>J! 4_u*£j r ^yigueUi 

L * r x p (15.11) 

_2tli 4-> : -■ 4 Sj_ 2*J1 ^Jsuu (15.1 1) 4 JjLjuq^ 


L 4^\jl\ <£^1\ (10.11) 

P 4 lln^-- 4_Si^_». 4. u!?j m 4_tix^ pj i <i >J 
4_j5cZi-ja • r 4_j*xl>o J, i c. ^yu&ysi 

L jt.iJLaj L = r x p 43^-*JIj 

L^Jua ^jjl (JjuoVI 4Iniii t _ ;r lr. J alo 

P * r yA J£ f^£. t £lyUL 4 ^_a y 4,3 


( j-^3 Kg.m 7 C ^ SI ^jjJl ^LLbuIl ^3 o 

4- J - c£LJ L .^-‘^ij jlj - ill (yA £> <j\ Ji — 3-5L3 ^jl ^ - $JL' 

f-LuL^ . 71 4-Lxai ^yig. J^jju L 4^jl^Jl 4-^xs-J 1 ! 

t _ y iiL 1 j dt—>ol {jl tin -v-5L-> ^i-4—jll Jl-lH 3J—ClLx) 


P J r (50.1 1) ^ ♦ P 3 r (>° u j? ^ ^ 

P — f7l\ l Cjx> Z dl—>uj I ^yjl y.i Z l j j L Cj^3 {£3 1 * ^ I 

L ^ijLi>a 

/. = mvr sin <j) (16.11) 

.(<|) =0 ji 180 )P J r LajUii ^jLu<j L ^<u p j r 4j^i^Ji (j) l 1 ~^> 

4 j 4 *C 4-laixJ iUv jljxLst eJj 4 xla.iJl 4_c.j_q<Jt <jj£i L*< i Ir. ij-jvt ^ It 4 > 1 

4-j^j) 4 r T CuL£ Kil 4_u>-lj y-A . 4 laill 4 i ; ulJlj j. i-uo ^jLcuJ pj < <1 Tr II 4 jjI^J1 4^->JI 

jjwU <lL^lX 4_^l_rw ^ylc L>4^ ^4-xu_>JI ciljjt-ii 4,lr>. , > \ • > i?_LA /tjr £ L ~ Yll \)T j] JlLc. ( (|) -90 ) P (^l£. 


^JLc. 3^_SJI I 4 jlo ■>JI 4 _£ju>JI <_4_u5J JuLc . p j r 4_*_Luaj ^jluua 4 In 

^ji i *1 ((9.3) iijLua ^_lijl) 5)F — dP/dt 4^Lx»Ji 4^_>JI 4u4^ ^uiu ^JjUua 

(_X—i-Ixxt . 4 J 4_i^l^Ji 4_£^_j>Ji 4 La£ ^JjLJUC j; c. 1 mj |UiO» (JT^ ^hJ^O 0^ 

^\li) J^xlJL ^-U-O.^ (_ 7 1 £ ' 


y r = r x y F = r x — 
^ * dt 


(17.11) 


d , N dp dr 

— (rxp) = rx — + — xp 
dt dt dt 


( 12.1 1) Jliaxll 3jLC.LiJ! jl jji 15.11 4lj>Lai jjjual ni 1 m 

dL 

dt 

i_3jia]l j VVi Xj>JIj A X B = B X A jj5? J_jJu_-*.!! j. _(jr^- »41 (j^s Ju5? 4 jI ^^j-'i 

^ (2) x^uoUJI) p = mv 4_jr ~i .11 <j)Ij^v = dr /dr ,jV lj_Us i^jLuaj 4_iUJI SJjLti,! ^ i>«Vl 

(jj! . )ci) l ^ a- , ' j].l 

dp 


dL , 

— = r x 
dt dt 


(18.11) 



I 1 <L<jv >>• <&I *j^*c ^ Alati 1 J^!l 


'«■■'• vr 



(jl a^u 11.18 $ 11.17 (jO-taLdl 4-ijl3g > 

Jr - — (19.11) 

Z dt 

. XF = dPidt 4^gfrll ^liJl (jj^-i-1 (jjjl_3J ^IjjjJI j_iia-lll 

4-u»£ ^> _j *J i am! 3^_3J! (j! La-£ LaLw L 4 j*I 4i£>_>Jl 4 .i 4 ^ j^_ju (jijjjJi (jl vV 

^Ll, ^^>. 1 -- ( 19.1 1 ) 4 JjLsuo ^3 4 _ 3 c_pill cdljj . P 4 j.Ir> L 11 4 ^_>Ji 


. ^JuUL>wU (j^ajXI £-4 4£^_>J I OJU4 (£jLuU U|-W (jlj^jjt 

jy* (jL-ulJLa L J (j-* j£ UJ^ LjJuuC. JLkj «L^t3fcjU3 (j^£j 19.1 1 A-taljua (j! (jl jyaj 

(4-ujIjjJlII ^-UwC->» i-j>1—Jju»^M 4iw-C-t (j ua> l jkt_ILi-u I jj£j$J- *^11 (j^aj^ (JjloVI 4 Li i i 

. Inertial Frame jUL] cr*^ a. 1 ---" ;Ja-o! 4 Xi 3 > /J£J 1 >jJJ j (^pi 4 ^LudVL 



4_j^<.u. lJ U L$j 4_jpjJl <S^»rfcJ! 4__uxs_S (jjp-j . J .d>d! (_.yic. 4_>JjJiXi 31 ~a.ll 4iL>- (_yJI 

. 3juIoLx>c (ji^jlu elul^ i jl 


Angular Monentum of System of Particles t£jl+juu>£\ qa'&ajIajI 2 Lyj 3 Jl^ 5 »>>Jt 2 Lf- 4 ^ 

Ol^stlii <^.^x^K-a Lpl i _ylc. v_S^_*3 La <lLx3j , J 4->. CiLgOdUt^Jl i j-A 4^ajfc> <X 4 J£ 11 4 jj 1 jjl 45>j_>Ji 4_u^ 

3j>jkXi CiLa-jj^sell 4jjljJl 4 £j^j>J j 4 _y&. 1 

L = L, + U + ... + L„ = JL, 

# i 

(j£ll 4jjljJI 4Sj^l\ 4_uq^ (jVj - A^tjjpalU ( ...TvI H CjL^-u_u_>JI (J£ ~Q Cjl^. orTtH CUx- v 

j-JCG (jl 4_J^JI 4_>pjJ1 4»^_>JI 4_j <y^v 1 (j^L*X' jv^-* -LLIjlSIs (j-cjJl ^_o j .j . xj. i (jt (j-o i>^ fhf—^ 

j^jL-tU jyojJ! j-a 4_lK!I 4jjI^JI 4»paSJ Jjla^o (jl J^>o 9.1 1 j 8.1 1 (Pll^LuJ (j>s .(j-4jil 

oL-ua.pi (j\j 4-P^ljJl L^J>3 <.UpjJt 1 <4/>li 1 (jP^- 3j3jit (J$J CiL^-sciU 

^jLo] 4 .jl-LljJt j_i-4-5tj JsLpjJU (jlj^jJi (j^l—^ (jl V] .4 _j_>. j 1 _>JI (£2_3JLj 

CjU^ui^JI (ju 4_iL^ljJi ^j2l\ (jl ^ylil c^w 4^jti] cJlili j)J^_u (j^jl^ j_jwpLoU <iilj ♦ j. a^r> 

J jla (jPa (jj 3ll cillj (j| I jli? •» oLj>oV 1 (_y^ 3jl jua aj ji Jl3JU (_^3 4 jj 1 « uTi 4^aj lr> U, 1 (_y^ 

jjj (j.* (jii ^jLlJI (jljjjJl ji j_ic o l 4 - a <<«. -> Jl ( 2 >>s ^Tii 

JU^j .(j\^t <« Jrll jLuiJLa (^j_3JI ( 3 -q-C. ^L(^] O 4ln3/Il (jjQ d ^.j-*JI (jl („^l .j. a jl& (^jLuu (_p^di 

4,.jK 1I 4jj(jJ1 4^^>JI 4.j (jl gluILfcrt.3 (j^j ^^ r J3/iLaJ 4oLv.1jJl (jljj-dl 4L^i-a- a (jl J^>o 

CU_L_5tJ (_y>.jL>. (jljj-i ^kj— C. 4\ i.^.„•>-■■« 4_>ajiaJFI . P-C Cjj 3I 1 jl 3 4 (>ajjl j _l- j _ u (jl (j^L u 4-4 i 4 U 


iiffe-.v- (2b>1>*llISLuLuaJij ISLulSLli - JjVt#.b^uiJt 

?T ex| = 2— = -S L i = — (20.11) 

^ f dt dtf 1 dt 

jllol {JJ 3 {J-udI 4_L-x4j J4_4jlnU 4_ti£J 1 4jjljJI 4j£^_>JI <La j J • "ill Jj-Jt-a <jl I 

. 4 lr> rt <!I ^Ju4> Jjjy IajUjU ^jL_uJ 

38.9 3ihLd jJaZ\ ^ 20.11 4Jj>U* 

♦ CjI aj < «.>J1 ^y& 4-xaj) In 1 1 X^ext = 


iiLjjif oil 4.11 Jtl4 

^J^.. <**» U£ r ^L_ aaJLI j.. In °i <■ j iXy ^ 3 < -mlLi a ^3 »•>• 

4 i.Lu>J} 4 jx^lu L-tfJUlc. O ilailU 4 mt tlLi 4_iji^_Ji 4^_>J| 4-t-^£~ ^1.1,2. a Juy^l (&) {1 1.1 1) 

y V ^ 

« 

4 jlr> ^11 4_£^_>Ji 4 (jV 1 J. 4 j! , 1 a ~j »~> J 

(jljuxll ^ 5 ^L>oVI Ja) J 1^..« "mi l_J J^ L Jl T u 

(J7 3 .cdlj^ «lu <jj S-*-^ 4j^ljJi 4^j-j>Ji 4 a, oL>uU3 

4j^LdL <jr Laju L jLi S.4 4 (j-ujj jJViil !jui 
L = mvr sin 90° = m ur 
<j I t±.^.-y CxjIj L jl, i 7i aj V ^.In Jual.O a F jjl <ZjlX -v 

4_JL>Ij 4_]jl— aJU : j r a ^^uVl <_3j_LaJI ^3 4jV—U li j-i-ii—ail 

P=mv ^ , \» P *L>Ji (j\ VJ <dil jl£ c^l3 L *L^JJ \ 3 

*~i ^3 V 4—sc_j-ii -st_OJ tilij {jt 

t 

3i Air, r 4_>l_^_i j_4 4^j_Ls JjI rt“j ^“i .-v ^iiLjl^Ol.ll) 



( 11 . 11 ) itt 

\y] 1 ^ j v 4 * ^ <r 1 t -*\a i ^ i/-. t 

4_5eJLilj f7l "UT IajIjLo .a 0 4..Ia2^ll yj>- 

. ^jLy ^Jl iZu L ~ r x p 
dJLiSL^-)^ Jl_aJ( 3j. C.l3 ^ Ju-^r "i„ I a 

J i ilfi <jljuL-ua \ (V ^>L>o! i^yuAj jJt p ^1_>ijI jj! C‘^ y L = r X p ^L>ij| V ^kl. icIL^l 

jJb IJlAj 4_^jjJ I 4 ~x,a i^~> Lx st-LJLA ^_yLc,j ^J] ^L^jVI^ .V 4-Or.ljl ciLuLi-ol ^uo r jljlILa! 

l-JjLLc j_ 4 eijj^r" j f a p j m>ll (j^ . L ={fflVr ) k L 4j3c_ail j ^ ~31 d\j£.AJ *L ^i_>ut 

4rr a.xsi 11 J^-u\ j -uau L 4x.LtiJi. 

.^_u_ujfcl! (0 4j^ljJI 4^^_tjJi 4JVjU L ^Lyj ! 3 jlj si.a J^yjl (b) 

• iWt 

^USL ( jX- ^-ULJ jj-i jju^Lgi ^3 jJJlI ^ i.a.yj 1) — V (X) O 


ASI 1 t^Lc 1 


L-mvr~ mr 2 <x> = /ft) 

4jcL-ujl uajL^il Ju-b (jljjjJ! (J^ * ^ 4In<ifII U-ul Z J^jx fvj< u^ll ^1 jJi jj <*-i<ill I C 

A-l^S <L)LtS (jSu<y fU (j-^J 4CO <?L>ol ^jouLj Jjfc L tfLxjl .((1.10) ^a 2 J_kui) Z <?L>ol CO 

L = /(O = /(oK ^JlaJi ^seJJ! cr^- 4£>>JI 


■ ,^int jL, u jLcwi ( ^ r £S 40m/s L&jIjuLq 4-tlo-y 4 _C.j»4_u_> dJj_st!u 1500 kg 1 g~i 1 VC 4_>^iL 

. ^S^J. 4_i-<_aJ J lj 4^1 4S^>Jl 4_xui^ jljuLa Lo .50 IT1 dy l^4 

3.0 x 10 6 kg.m 2 /s j2ul>.yi 


in 


jlj.3 Jl4L>- 2Lj^S n^3 

ANGULAR MOMENTUM OF A ROTATING RIGID OBJECT. 


JSLtii L*f> cjLjjI^L b-lJ z j_xi iUuLj j 3 - = *- a <J y>- jjju «-x 

.uJLi ^^2 jjju ^^ u>i.!l !jui j ts\\c JS .^_i_u_>J! i4 ja!^J1 4S^jxJ1 4 -lx& c-j^llnU . (12.11) 

J^x m- ^<n ->J1 1 oj4> j 4j^ljpl aS^_>JI a j. a^ jLj> a ,co 4j^ij 4 _c.j-^uj Zj^jxII J^_». xy 
1 ju^j 4j^l^_Ij 4 jSj-^JI 4__i a S jIjl 2..a {jc. j-j-t-j \ 1 u^ = r^ co (j! i - ji -±- > ‘3 m- 'Vj rj 0 4_ k > ^> 

J 1^2-i.H ll 

L t = m • r-“0) 


In" <») .CD ililjSj Zj^jsJU *Uol (jr ^ 4j9BaJtl 

L$J 4J1_>4i ojjt ^^ 2 ) 4j_^1jJ 1 4_S^_>Ji 4 t a 5 jl_?cjj (j5/i 

L^- < 3 . 3r. 4 JL>.Lj 4iS ^-u-5tii (Jti2_S Z ^L>ul ^2 4__i£jw4 

L^JLa t—aJG j ^_ 7 jJI jm-^LIjlJ! 



L 4j^lyJI clij—»ill jj^cwQ 

Ij — 1(1) 4^>LjlU 1 ^..i.U> (O <?L>ul 


L z = ^ 

4 = " ( 21 . 11 ) 

. Z ^ ^^1 jJl jj) aII ^5^- C 


. JuoL>Jl ^4 a■*■ LI di_ilj j!. iaa I (jt ji ftC V1 ^^2 ^Jjck.1 .^>51] 4 -j_wlI11j 12.1 1 4J^Lla (Jjuolrt \iu 

(22.11) 


dL , c/co 
—^ = I — = la 
dt dt 


tjljjjJi ijr 2L_u3 .u u) (dL z / c// )cj_j_>. _> 3 —=>JL 4 ^ < u 1 1 Lj 4jJ>li aIs*. «!' CX Ca ~x 

J$LoJi ^2 22.1 1 4jjbua jjl ■<:.> (20.1 1 4J_}L*^a 


ISbjlSUf- .La^urff 


2 T ex. = 


dL 

_4_ 

dt 


= la 


(23.11) 


UJ CaUi jjae^a JJ.AJ *oL>. j< u ■ “ ■■>• (J>jb>JI (jljjjdl <jl (_£l 

• jjaJLI Iji^J 4 j ■» 4 l IT \_i p i n y 11 4jjljJI 4 L*jl!I Lijjj-iia^a (jljjjJi jjata J^a. ^IjJI jj t^iiill 

(jl jl i~if VI LfJ^at-l^a j^st^a Joal_>. ^_<-u_>J ^_b^i 1 1.23 4-l.iLjoo^ 

. JjLcj j 3-^03 03^ ( 2 ) 4 1 ? l \ 1 1 (1 i 

i_ JiSL) (j! ^j£w<u-< T {1 T l £ ^ ^3 ^g-i C-oL j_>. j}^JiJ ^JjL a- T og ^g-<-u-r*. L)^ t3l 4_jf 4iaj>.3L_a oocj 

4^ - t .uj J L 4 4 4i ja ^_4-u_?cii 4-j. l ^ J l 4 jjI^JI \ 4 j L _i~>- L — / 0) CjL^tJLc 21.11 4 JjLl>3 

!3j . 4_1 jL<u 4^>.jJ jJajJI j ^s-t-uo*- J-Luaj 4jjLtJU if-iiiii 4^LtTaVLj ‘0^)3^"^ j^>3» 

^1 jjjJi jJ3 ->- 4£j^>JI 4j4_t^j-g ^^3 L 


5.11 JtiU 

^ jr B ^_ooj_4 Lgii 4 _uIj jJ^LI CjIjjJ 10 (Jj-jt-g-i t a 1" 4-j^l^J! 4_^^>Jl 4 .i.cS j! JoLa o.ul> ! 

•(13.11) JSLi 

i i 


4_uL^ j_aJl lIiIj. ~i alji i 11 ol^j, 1 3 ill <J g-« i I Jolj 

. 3 Joil_>- 4JL«oo=og 1 _£j 1 S^SLD ^jj-gj j-Jajj 4 i 

j_>. Li..a < *1 is\ ?j 6kg l ^ 1L ^ (Jjoaj j_9 ^_JlI^_jJI 

jj_3t_a 4 t a i^l,l 3^^ITxJI jj) 4^1 ^ 11 . 12 cm 

.^-4> (2.10) I L&j£j-a J-OJ 



/ = -MR 2 
5 


|(6 kg) (0.12 m) 2 = 0.035 kg.m 2 


Jj—^ ^ (13.11) 

4^^JV 4 j q*C L^J lAj-U dL>oVI Zj^sJU 

Z dUoi L 4jj|j 


$Jb 4jji^)JI 4^_>Jl 4_bg^ ji Jlo-4 

L = Im = (0.035 kg.m 2 ) (10 rev/s) (2k rad/rev) 
= 2.2 kg.m 2 /s 


£j\ ^^wo X l £yt (O *L <L gjLu--vl j^5c_g JLaL>Ji ><ut.u--vJl (J^ LJ .4_gjij 43 xs\ \ ^J-u<ajV L — / CO 4_gLc. <xJi is\\ (2) 

. 4ALjt» oLaUoI l^ji~ij 

4J j^jJl JLol_>J) )I^v rt4 ^jifLi o L — / CO ^1 4 _u^Ls 4_i jJ! jj V 4JL>Jt i>JLA 

ilU'jji .4fKll jSj^a (4_o^-_ujJl jjL>J.i j 1 ^ jin xt ( _ r i£. SjosLCLa jj\-j^jh tLiMj J^>-1 J^->- 0^-*-" 

. L£-uK-JJ iJ7 £ 4-a Ji 3 “l 1 1 I JLtrv. 7 t_tJo ja 


(ST) 



miA*! 6.11 Jtl* 

(Jfs (_ t 3 C (14.11) (JSLii (jjs iJ-iK" v 1 (j_JJ ,3 1» a M 4 * l"i *kj l <U^la i~i.a , i.*» a i_g i^ a 

jl . E a a ^lr»» J 4j^\jua (cl) 00 4jjl^ 4£.jmU j)"i i n a jjju 4d^. ^ . xl 1 J HI 2 ,m| 4*t.ii£ cLujL^j 

. 4-ajtVm 11 4jj!jJI AS’^sJI 4_l«£ 

Lul (j-3 d_ajl ..ill CjVLsJI /j£. k ill* j&3 ilLaJl ajut I 
^3-^»^< n ^ (j^ 3 j ** ^ t 4.^2—>■ ^l m **• 3 -^—*— 1 o' s- fj! ej o^\ 
j_j_ L£ aJij| {*)-£■ g-j.a. -t-o 4_£_j_4_3e_*i] t _ 5 _j 1 IvJI jj. j^i iill 

(j-' 3 (jl 4 m^llj 11 jic-i till (_yA CjLiS^-a Ci^iLU ( _ ? 3l jjl 

t'ij i^i nil j^ljJI JJ in iill 4_ja^l_c jLstj'i (2.10) 

t- 0 

fJ-£- 0^ *(lAA-i-oJtir 1~YYIV L 4^^1jlI 1 ^1 jLJtH 1 <il_> j 

•>* 0 J^j-U ^ jUI Z J>>«JU (^jljJI 

I = — Ml 2 + mj.-) + m 2 (-) 

12 '{2) 2 \l) 

a 



S^_3 6a .->. (4.11) 

jjI jJl c, 1 j. iQ.JiJl 

mi*m 2 05^-* Lio j _ic O J^_>- o^jj* 3 

41 ■> r. ^L) wL^t_J jlj^jJ! <^1 _ UOJ 

a = 2/t ext /I 4 S 5 LJL (jJoju 4jjlj 


L = Im 


t 2 (M 


= " t( 


/M \ 

- — — + m, + nu\ 

4 l 3 1 2 ) 

(jr 4 jl jJLa 

+ tn l + m^CD 


. (jr A£ s $\ £-ji 8 LbjIjuLs Ljj Ij jJu^u Lo, X \c. ^UrfcjtU <\.\nr t II jJjJil 4^^Lc (I>) 

4l is\ rr a 4jjtj 4.1ir r. 4_>ojla_L<}JJ V JuJlIc. a (j\ 4 t « ->J 1 l ~i l~i *C C-uL^ lj] I 

(j£^i—tiu 0 4__ui iylpl lLuL ^ llil . YYly^YYl^ ^ Ju£. ^1 »<~ 4_AjlalU ^ 

<Lac-*JI 2UU JLlC. (^3j^ .4 C (—Jt/2) jl Jt/2 . ..\U » 

t ^ 

4JjL*.U ^JlieJju ,mJ t4_4 Sj) la 1U ^3—C. 4 JL_u^_3c_a Vj! 4U-C. ‘U^Ia.^l! 

/7Z jg ^3~c. .CC 4-Lfc_*lj Ct^2 Jt 


xt 


In 


l 

x x = mjg —cos 0 


: (_y-A j^-iLcJ I *t l» 
(4jtio^ill j-jli. 3^4 T| ) 
{jr £t 4_Li_5_) (Jjjv. m 2^ 3^tl <Lstjlu lV . 


T 2 = W 2 g-COS 0 


(4ja-iii^ill ,jjS. 1 I . ) 





msiiffi 


is^iisLdi- jiVui^ao 


mj>m j 


• jjb O £-SbJI obi*^ f'-^' (jji 

2 T ext = r, + r 2 = |(m, - m 2 )gi cos 6 

Lul^ lij 4jt_3_uaJl IW|>/W2 C-ul^ l3j 4'a-.-fljua 11 £jL>. 

(cl) ^.LM di I L&UjjWj! £)| I^jllm I ^ 2 T ext= ^JLstLuu (X ^LauV 

a = y, T ext = 2 (m, - m 2 )g cos 6 

I ((Ml 3 + mj 4* m2) 

j-uD^it) 0 =~kI2 j! 0 = ji/2 Lojlut. cx =0 £ji <-La».V 

(/ jr 3-sVl j-jusjjt) 7t jf 0=0 LoJU^- ^£-4^ La^£f 

4j Lo (D <>JU£. ^jJl 0 jijuLoLa ITl^^rn^ dui£ I jj t 

0=jc/ 2 taju.vt 


L^4tffc4uj ^nWnl4 ^LxQS 7.11 <JlXa 

c juAi. (15.11 )jJ^L*i U-^ 5 ^£Lj £-J-3j ilau-gcj (j5l— 1 ualLo ITI 2 4oli^ c^-xaSL^j IT1 j 1 $ \ 

.jjuiLol ^-3 41 ^-La^u c-x*S2Jj / Lfcjj 3t—4 Jj->* (jyjljJl jj) i^x.311 R jJt> dj^Lxll jJaiS 

♦ 4£^>Jl 4 -l*£ 4_iLsl>JI 4.L>«11 4jjL*^a Jt^jl 

4_L4 ^ (JA 4 <*!■>■ /j-4 ^ Jr ll I 4-4^ tV< 4 I1 4jj!^J 1 4^j->Jl 4_t_4.5> 1 

c-mfm j 3^£2J LbJu£. j j * j 4lajcill f^S 3^^ ill j^st-4 £_4 Ij j^_3t-4 4 j^ 1^J i 4-5*3^»Jl 

4 ^ 2 -^^ 4 j.4-^ 4_IartJUt i_yu> 3.1 rri2'u/?‘ v *j^UlIj rriji)/? d^^il 4 j^I^- 1I4^2-^ ,, -11 4 j 4 ^ tU 4£ 3- ^*-* w a 
: { _ r A 4-4j)tV* 4 11 4,jK !l 4 jjI^JI 45*3-^11 4_l4^ ^cj ^a^I(0—1v/R 3^ *11 4j^I^)J1 


(1) L - m { vR + m 2 vR + I 


ul ^ *SjSLJI 4-4^IguJU ^1^- ^*-^1 KH q )1\ 



\jais> 




^j__*J 1 a 2 ■«« ; 3 t i^lV 3j5v til 4Irw<il ^_j 3j3jll Sj^aILs 

Jjl _t T) u< 11 4-iJ>j 4 ..all 3j) 311 ^1 cflij ^1 l-A-l 3>] ♦(jljj-iil 

>j_iJ 1 jl j i a^ jXiV 3^_3J! s_lL3G ^u -j-4J ‘^28 4-u5L>J1 3j^ 4-La«'-_iy \^j 

3^ill <jf^- j»j_P ^yill nijg 4 _u3U>J1 3 ^5 
.Wig/? jIjlHI ^jLluj 


(15.11) JSLUI 



I \ JuJ I 4Sy^ti 1 ij*a*ai\ 


c«D 


. •* 




Iju&^ (nijg ij 1 s\-tj*.'i V i- uJI -W L.-*J 1 ^jlA 4jl j 3^JiU ;.! v> £&> 13 cu •.»■ 

4 ■> ^ t 3 i y --■‘G “‘"!.’^%jXt"~" ■ '' iS ' ’ .J ^ ‘ ; '’ ;J_/' t *' , -rl^-f ^ -'^ 0 IjJ ’ f.’ ’■ 

jf JrfO (23,1 1) iJjt.«,4J (1) <jJ.V 

y T = -i 

„ d r> 

«V? ft = T 

dt 


/?;,)/? 

, r V 
) + /-- 

4 7 

R 

.. dv 

& _ 

I dv 
' R dt 

i!\ - 

dt 


dv 

a jLsjV SJjLjlU iiil ~j (!>. Lu£Laa (i — — mI 

' dt 


a - - . 


m x g 


(/?/, + m 2 ) + / / /? 

j»j_C. 41 i^i ae-^a JuUi j»L-«_s.Vi (ji^- daj_jJi L<jj jjjj (_,!!! (_£j-SJ! (Ji-JU j<J I jli (jiibjuj J-S 

1 il 11 (_y^J .4^ajJaitl ^’fl 4_tla»lj ^CjJU! uilj (jl tilij .H .2 ^£Ll!I jj) ■» a ub^» 

. <La^ Iri14; 11 4-j^i^Jl 4^^J| i _ y lc. tlaJiS ^TJI ^>-jL>Jl (jljjjJi 


CONSERVTION OF ANGULAR MOMENTUM 3UjlJM 2U«£ s |5,ll 

LajJn <CuIj J^3 sLa^IaJLl 4^KU <Lu'i* £jf Lt«U>»j e 

jioLuo ^jjLis LLjJj . j-JLu3 3^3 jU 4 -l^jLsJI 41*.^. 2^-4 Cjjfi-* 1}) 

i^LLaJj 4-J^Jl 4 jjI^JI £)| ^jajjj $JZ> 4.^’ijjjJI 4^^ H 

j4*j £yi ^ JL£. K11 jIjl-JLU 4_’.i ^ • 

(20-1 1) 4Jj>L&£ (]_) tiiJ3 ^3Xu-uJ^. \yL. ■ 


V ^ n 

> Text !S -=0 

^ ext dt 


L = constant 


(24.11) 


(25.11) 


oil 


t^JLsJI > oLu^4_jjljJ) 4^_>JI ^.SLa.) 

JjLa La 4,fc^ ^3P IM M JJ(£. j->»j3 /I (.^-u.^. J L^= COHN 141*I 

4 JL 3 UI kyi) L-/ft> ^ijil £Cul^~<-u ^jJlu jJI j^jucxTlII ^ . * 

^yJLlJl 4.i,4^ daii> L »‘j»l ' 

Lj - Lj = constant (26.11) 

L z Li^ICXmAjHi (jl Zj^^-tl JSLs OjD J_^>« jjJu ^ iu^ SjLc. C-ol^ 1 n! 






l j£Uj 4Jl_>Ji i?jui> jj->Jtl Ijla Jj_>- jJl jj ^ 3J1 >j_£. ^ jjjb -4 ^UU L 4y£J«4 

j_ :t 1j US’ 4jjijJi 3£j^>Ji 4 _lU <htfv ^jjjU (1>^- Jy *.~J1 


/^ = /j ft>j = Constant 


(27.11) 

j£j-xu jj^-a Jj^w ^jljjjdlj Cxjlii Jj^>- {jijjjJl 4JU- iJ U oitlL_u^U 4_>JUa aJjUil ^j^j 

^jj-C. (jjS-j ^jl JaJLa j-a^l (. UUbj . 4_ Ljy jj->J.i IjUk JIa liUo Uj-^3 4-ajk < 1 4ij£J! 

4^>ji 4-t4_uaU» <_sLJl 1 J_4i U 1 i" i 4_^U 4 j^ > Liil_u4> . j rt -_£jUuJ (^yv.jL-Ul 1 (jljjjdl 

: 4jjj^ jStjJ, 4_yujJ Lj 4jJ 1 jJ 1 

4 .x . < U j_jju J J ‘- t - 4 iijCttJ 4- L tS J l j_SyC-i j-<y jJ-^->3 Jj-»> ft *« > i^jJi (jijJjJi fj_C 4lt^» a 

4.L~lsJ 1 j-Sy 3 4UU 4jjUli 1 oJJt^ . 4JL*£Jt J_Sy3 4 Sj^» jJa-til (j-xijJl £_* 4 jj1jJI 4j$j_>dl 

Jn3->. LujJ 26. ^ ^ 4J^U-<* (_U * ^drUll jSJi 4_t-caiJU 33j_^v. La L j T UUs JjS^j <jl 4_L-*j^ Zu £jUi3j 

4_4j,Ult 4jjljJl 4_£j_>JI 4_yi£j 4 UaUil 4_Sj_>Ji 4_yUj 4jsLLaJl <jl Jj3j <jl LU5L<u 14-U1-3.1J UbUiaj Cuilj 

43jLj l £-*-L4 S >- Jiaj 4_! 3j-*-& 



K i + U i =K f +U f 


Pi = P/ 

L, = L 


/ 


3Jjjju<s 4-x3j lo < I. 


.AjjljJi 4 _£j_>J 1 4_yU >Pi3 >• ‘dUaVl <j-/» JLjJulII t-llLufcj 

4j1_U (jU ^<Uj iJjp- jj Jj ^U jU->J I (jjU l i^» cr <~/ C-U ij JlS lULti 

4_j_xjjU 4 i C Ijj ^ is \) CqJlIc. ^lJjJLq_U <Lc.^_a*J1 

l <U Al llijj I jJl JJ 4^ 3 11 ^J-C- (J>* [Ji3j ^ (j^3j 4 4 <*« ■>» /ys 4_iJj-2 

U 0 - r - 4 olx. j5jj Vj £_Jj—3JU j^-iUJl dJlSU^Vl 

4__y«U <1r\3 •>- jjx. UuU ijjSlj 4jjljJl 4_C.j__i_uil J—U-3J1 (jl-2 ^jL>J! 

. UIj (J-Uj 1(1) ujyJaJi {^1 4 £j->^1 




i /ys Jjjj gJjJL4.U ^ylUIl JJ **■"> a 11 ^y>l 3 >1_B 


4iajn^^o 4_sjijJl 4^j_>Ji <L_l^ 

j "< 11 (w-tilV j_ua_j 1 -cjJ_£. 

. (>J iS\ -V J_?C_i 4_i£.!jj Ju.L>Jl 


j-ua_j jjvU (ji oLjj_S^ 1 V ji diver ^ylU «li j-jj^j 1—^Jiiljj 

jj-c i_}j 31L) 4 jf ljJj 4__ya jU uUj 4_il_B f;Ij ^11 4 ^ x^.?e-> CjIjJJ 

4_y>-jL_>Ji 3j_3Ji CjVL_>J1 aJuS> • £-Jj-lm djjJu ^ySd 4 xa i« >- 
J j_^- ^jljjj ^j-*^ j-3 jj Vj 4_LUJ! j£j-« j3j3 4_u3L>J1 4__>oLl!1 

j _Sj_x3 Jj ~v. 4jj1jJ 1 4_Sj_>d! 4_i_ 4 S Jla^ ^y°J ♦ 4 3 i .JI eJJb 


(E) 


t I ij mi f ^I J^uJl :.l'. 

j^i ii n (jl U-cJc j ^JjljJl AZ-C.j-j-u jpa < aC. Lx-bj <jl (j^LIoji-ll jiji IjUs 7/^/ = 7 f OJj <jl <Ioj) rr a4_L\ I 

- <_yJj VI < C^_t3 <. j x«^> i ^1 4 <1 < ti^l ^yjljJI jj <^>rttl ^jx. t.'* 




4_JlC. jjjj ^ J-Il (jljJjJI fj-C (^Lus (jI (Jj_2 JlSj - fl~i < na (^,-3 ^ < a ^ 

(a) 4 _HoL>. fl 4_a- _t -» ^ 4_jJljJI CjIjLuJI lIuL I jl La j^_3 - OJc*_a j~l^~ 4_LJL) (J^_>. J-* 3 -^ 

.4lL>lj (j^SL j)l t_ r^rj ^ ■ ii -*Jl 4_C.^_i_u (b) \j-0-u=> (_£ jL-u3 ^ mi >J I 3^iJl 

aLuj^^-LJI ij^S3 8.11 JLL 4 


Cj-^O 4,t_u;Vlj 3j 
cij_4_ 
J <*-5 i^>^<— 


LL^-ab j^uIj^Jl^JI 
LSl_j_>j 4 . . .ujj-L>J1 


Lr^ f Lj-4^ 

I—$Jj Jjj-j 4-aljj 

. 4jjl j 4iij^. <Lia5> 


L-a1b (J^r A jLatAil ^4atiU CjJl-^j (jl Juju j-<u j^tw<s 30 4 jjj_> (j>»jj jjJ -j 

l-cui^i . 3.0km cJ^uaj ^>o <_yjJ 1.0 x 10^ km uji^t j_Lj ^jJI ^ * <n 

^j^j^aill (^jjjJI c j *' ) " 



^jJI 4,-xr.ljj ^aixJ La jJ_c. JljJj>JI ( J7 1X. £^_«-u| jjJ j (jl j^\-u j^jJI (^Lj j-L-dJI (j^jLjJI u >**‘»' 

^3-^ ^ jL ^ (1) ^?c_lJI < ..Lfl (Jja- .g jJol La JlIc 4_jI n > . (^y-Jj j3^_iJJI ^fc-ill _> » ,%. 

Tj <>a3Jl ^ ^JVjdJ T>jJI .4^L 4^ olio (3) J1A1I JL (2 ) Lt . ,1 • 

SjJLaJI (J^L 3 -a (^jjjlII Ty j ^jscJiJ ^IjlIjVI ^j^jJI ,*••." 




) j*..a Jj-3. 'YU a jU-Yi ^ y A! 'A.UU a (aY.— 72 I Jaa . t y iil 4>'^u 1 ^.4j.«" U (_gjj! 4 -jixijjl 

U t ,kij (27.11) 4l.:,!, ii./> /**" LXj I 4 l] tO 2?t/T ^JjbsJLU ^ Utl 4-j^l^JI 4x.^_i_iJI 


T f 2" 


I 3.0 km y 


r,-\ 

— I (30 days)!- 4 — j 

r t ) \ 1.0 x 10 4 km ) 

■- 2.7 x 10* days - 0.23 s 

.jjiil L jl.n LajXbr 4^aE, J Jli.n #JlAj .'iaAT* ^j, 5 ? ,^'3 Clijj.3 £JjjJU ^ y ij^3^uJt £$! 

cjj-^ jjJkJ i,£>«dl 4 j_^hIJLj 


9.11 J&A 

<.i]l£hOH qui>xj\ ^ y ..ijjj ji^ ;5 rXb I ^^^jLukja jjJlj ^J^-JL tJ7 Ju~ 4~*JLs1 4—t^aJLa 

4Jl£t,^ 3jL*£l/jU V,-*. IUn . R—2.0m IaM— 100kg 4_xxxittj £6.11 

.j£jl\ ^>Uul jx.tjJI jp*u 4..bL>vtl . m=60kg 

^ ^ . X..bl„>JI jux. c^JLL^JI ^LS' L_aju& 2.0 rad/s 4 j^ 1^.11 4^.^-^^ J! CajL£ !b| 

7^ r : ~ 0.5 m j\ j^uj 4Iaaj ^Jl ^J.u<aj L»jlLc, 



4-J^ui,! jJisj-A £U3c_J ci J^xi k_*. null (6.11) i)SJ, 

4—t~j —MiJI •jjJki 
. XisjXse^s 4£jj3*Ji 


(J^Ls 4.JL->JI oX& 4_Xj a ^«JI j.. j ju t 
4x.~jntt.-Xj jj-JkJ ^£jJi ^Jj., *V 4~U 4 jjI^J1 4__£.j— cui I 
jj) r^i XII iU *4-t^lj5 L-aJuX. 

J^aUu kJ&^u-aj Ij. uaJUoUj Ip X^aJ-^i.1 jJI 

u_X$Lj .4 llU> ^4iX^ L^J 4KS.}^ w-JHail 

(,-dLtdl) 4 ~aI j ^yjlJL 11 V1 ^jt jJI ^-C. 

-ubj-d* J>*-« (<^uii_9 


/. = /. + /. = — M/? 2 + mtf 2 

I pi si /£ 

Q^k^Ju V < R w-JLLaJI JZal LaJUil 

^yj( jJ! jj) 


h - l pf + 4/ - yA^ 2 + /w 2 

JUiS. R 4_ aaIXI j-X=t9 mf j«.v 

>’ 4 . 4-^Xil i dim Ip|r 




1jbJt >^A4hC ^btl t (JiAdif 



4^43^ jfcl. 


I i4J (jljjjJI JJ-ZZ-A J 3 - 3 - <Lo gfrwM (jr i £ - Jjjj (jr^*ji->- ubj * 5 f3^“ 

. 4ji^ljJi 4 £j^JI 


/,", = //"/ 

f-A/ft 2 + mfl 2 W = (-MR 2 + mr 2 )o) 

12 / ' 12 ) 


co f = 


ft), = 


f -MR 2 + mfl 
2 _ 


2 ^ 


- MR 2 + mr 2 
\ 2 


0 ): 


( 200 + 240 \ Q ^ 

l 200 + 15 / 


4.1 rad/s 


. 4j jl^JI 4^j_*_uJl tHjjlj JuLl Ix*3jj La^ 


4_x 3^ k \ 4 1! ^IjluVI 43LLs u < n't* I 

^i= 880 J ; AT f = 1.8 x 10 3 J *^b.Vl 

1 J ♦ * # 



<?JL£> ^^3 ca. mJI j-& Ls 9.1 1 Jlil) 43Uo <jl Ja3.V 

Sa^LLJI ^3 


2LKljJdi2d^^ 10,11 JO# 

jjj>JU IjLA <. iJb jLLd! j_^3tA t-jMJtaJl Jl>*I ;4 <«4J *6j Jg Mill 4_u-uljjJI c_ijLatIiJ! ^ J^vi (jr 5 

LaJLu (JJ& <-u 4JLv ^^3 ,X x Hlj e-JLLaJI .^Ijjoll JjL 3 JutiLa u-JLiill . 17.1 1 jSLtl Ly ^ L^» ’< 

UxLqJu LaJLul . t ^ y l£.f juJZijj L- tJT Jb 4oj 1 JuIoVl 4_jji^Jl 4_L4_^J dflf jf^Iua a ^3 <■ M" 4i_> * 11 

L dL^utj jl. 1 4? a JLjwj( .JlII ijr LMjS2\^ i—JLLaJl Ll_u 1 80 jLl ■a-4> LAj^j->3 • •» 

L- aJ^jij julaJLIj c-JIL.U 

£y£, L| 4 j1QI 4jj!^J| 4£^J| 4oa£ 4jI J_l1! <_j 3 . jUoVlj , l.t Sllj C-JULxIl {jjz Jj^S uj <Laj)lr>ill l 
^3“*^ I Ju3> jUa^l ur^- uOj-* j*3^H Jjl jLkVi * 4n LaJ-kl .t, g{\ (^jJl 4 *» » , t« 

^3-^ .4_4^^LaU 4 y axlL tjr L>“l^ j -p- *J )*i ‘ ^ 

LbjJ 4 jIju! 1 ^3 ♦ 4laj a-x a Jlaj 4jjl3J) 4 ^j>J) 





^system ^wheel 

UjjJ £_l^l j jLU'i/l LoJlxc. 

L.(vjiai jtWUJs-L; 

JljV 4-Ia^ <3 cr-^a 4 _iKJ! 4^j_>Jl 4 i ^ (jr £J 

4 jK II 4 jjIjJ 1 4^>_>JI 4 j (jr^ 4^ojtr> <li 

i—JLLaJI jJfc 4^aj}!r> jX1 L- 4jIjlJI OjL 5> La_£ 

<jt JlJ>o 4JUJI eJJb . 4_tl£. ^yAstJ ^jJI Jucillj 


^JLkll L^J-ti cJib jLLVI (17.11) 

La jJx. ellJLJT.j IjLa 4_1L». ^j_»JL*. 


L f ^student+stool 


L. 


T — 9T 

student+stool i 


hrr»tlj u*ajja3\ 11.11 JUU 

< _ 7 lc. ^j-lju-c 1.0 kg 4_jjj ua ts~i a\ ^JlLajusI 3.0 m/s 4_r.j—uu_s kll^-jstLLj 2.0kg ULh? 

. Ljj^ 3 fOL-aSll (jl (18.1 1 fjj-% Cp-y* L*^ Laj^JLi ^jJLc. JuLw 

< d_f ^ i nl /ill 4_jJ L a. i | 4 ^ I 

V <*/ 


v <J( = 3.0 m/s 


2.0 m 




jL-ualiJi Jju t_ 


4^J1 ,51 i^/l 


r/' 


C.J jjrU jOL_u=»J (18.11) 

t Lt rt i » a ). 0jX 1 ^aoLuajJf 


< <J 47^ rtH jJ! JJ is\ till 

1.33kg.m 2 <g£& 

<cW* 


Jl_jlj 1— un *11 

<jU£j <-< j rt ttj 3 ! 

"LnJ l x . Vjj—LwoLLiJ 

ciiijJji J_jJbl_?c^a Cj^4j LbjJj . L$i£ 4jjljJi 4^_>J! 4jc^ <4^Lv>Jl 4^j_>Jl 4 ±<£ t4_diil 4l$LLJf 

. djU4.t( 4^j_>J| 4 _l^ ikri-v- (jjjLfl {j-A (jr^Li . LuT i! CjVjL*-* ^J 

p i = F f 

m d v di = m d v Af + m s v s 
(2.0 kg) (3.0 m/s) = (2.0kg)u d/ + (1.0kg)u s 
(1) 6.0 kg.m/s - (2.0 kg)t> d y = (1.0kg)u s 


cS> 







4 lr\5 i^ c-4-u-txii! ^jJL (_yji JujVI jjudjJI ^Ij.V ~miL> iAj^ijJI 4 £^j_>JI 4 j ^ 331^ JLitlu-uJ (jVIJ 

j_J_>Ji ^Iru u ^ JT lc ^_}j_4_*JI jijLlLol i _ y Lc 4 j^1^J1 4^_>J1 4j_*^ ^jl ^Jjuj « 4-j j lj>-^q 

( JuL>J I ^j <Vi L d (j 1 I JljJ ! 3 JlC. 1^3 ^4_jJ L_« 4_p^ 

Li = ly 

- rm d t> di = rm d v d f + /w 

- (2.0 m) (2.0 kg) (3.0 m/s) = - (2.0 m) (2.0 kg)v d/ 

+ (1.33 kg-m 2 )co 
-12 kg.m 2 / 5 = -(4.0 kg • m)t; d ^ 

+ (1.33 kg-m 2 )o> 

(2) - 9.0 rad/s + (3.0 rad / m)u d j = co 

. Jl>- CjIJlxjJ! 4-CJjUl ^ l_LojL3eIu_ui J-dJ 

4_^j—>Ji 4J5LL> 4-!Lj»Ji £Juk 43 oj 4iij_oJl 4_^LLa £_jLj U^Jj ^ol-ualiiJ 4 jjJLI 4..t_i .iloll I 

4-dlliul £yJaiit £jj& 

K t = K f 

1 ? 1 7 1 7 1 r 7 

2 m rf u d/ = ^ m d^d/ + ~m t v s + -Ico 
^(2.0 kg) (3.0 m/s) 2 = |(2.0 kg)u d/ 2 + ^(1.0 kg)^ 2 
+ ^(1.33 kg.m 2 / s)w 2 

(3) 54 m 2 /s 2 = 6.0v if 2 + 3.0v 2 + (4.0 m 2 )co 2 

*a-Aj v=l3mfsj oo=-2.0 rad/s ju^y=2.3m/s j^>d LuT (3),(2),(1) cjVjUII 

11.1 Jl>- . <Lo]LS1jV1 ‘ClC.^uj c-AXu^nllj ^jLuaJxii Juu HlaJ cij^clu 4Jj) i? » a 3 V«• 

4,^.0^ (jjpU Uu-Lua Sllj /ys CjI 3U<u*U ^LuL^lII rillj 4_jji jJL>V! ^wrtll q*=*-> i » 

.4^j_>dl 4 ls11o j 4_do^Ji 4^7 



1.11 Jj ^ (3^ 



ISLuUj-Jij I SL ul SLt M - JjVi fUJuiJt 


j» si.-.~ti juJfj<,^3(11.11) JUU jjj AjjLa4 (1.11) iXi^^ 


(m/s) to (rad/s) P (kgjn/s) L (kg.m 2 /s) (J) (J) 


Before 

Disk. 

3.0 


6.0 

-12 

9.0 


C^J$ 

Stick 

0 

0 

0 

0 

0 

0 

\ is^r 

Total 

- 

- 

6.0 

-12 

9.0 

0 

^yzSt-A 

After 

Disk 

2.3 


4.7 

-9.3 

5.4 


JlX j 

o*j* 

Stick 

1.3 

-2.0 

1.3 

-2.7 

0.9 

2.7 


Total 

- 

- 

6.0 

-12 

6.3 

2.7 



t j ^ 4 jK 11 4 -£j_>J 1 <^LLsj 4 jjI^J1j 4 qIn ->>11 4_$^j>Ji 4 ..a.^.£ «<J1 ^a 


z 





(^Luiil jOAufi) 

Sjt j 6.11 

THE MOTION OF THE GYROSCOPES AND TOPS 

(a) 

L^SjuALti jJs U-l 4 _£j_>. (jiLuk 

y 

L$J C-xa1j (19.1 Is) £jljjJI 41^- <11 Jjijjj (jr^3 

/jLis 4x.^_ a-*u 41^_lII ca.a3! 131 

ji j—« <>3 z J>^ L^IjUj 

■* A J . (1 9. 1 lb) i—<vi> 

->11 ^4—A4AJ Z (J^—>“ (J^l 4_iii 

precessional motion 4-^jJli jl ^j^UI 

^gijuil ijr^3 * au ill 4 ^4111 4 _£j_»JI /yi lio-ii 4 ^jx 


dJjfcjJ a\ 4_j^jjLAjii 4 _£j_>JI (19.11) ^Su£f 

SpJJt! 4 J -^jUJ 1 (&) j^jxjQ 3~>- <—3ij 

.Mg d_u5^3 j n 4 j—*J l 3j_3il l ^ ole 
.JiUlU jj_3t_j<» L 4_£^>Ji 4 u ^Lsoi 

<Jf ^T=rxF = rxMg i ji ur i»_Jl o-JI Sj^Ua 
(3 ) ^aua 1 ^Js x AF ^L_>»j 1 (b) xy — tM. a 

L^J 4l sc. 111 IjufcLy — AL + L- (jf (Jxj >■ 

. Z 1 ^>- 4_pj JlG3 ^ 1 4a5tjjj 4 £j->- 


4i£l\ ^ji UIL> 4 JUtJ.ll ^33 V 131X L a-o- d jji 

J)t ^u3j_tjLi^o 0jt£jjVl 4trui t ^Jkl 

.4UfcjJl jJ^3 oL)jJ-^ ^j^kl 4 luzs *LA 

4_UfcjiLs . Mg 4_uJt_>Jl 5^3 
, cJlIj J>i3 131 J^x_3-i_u-3 j>jV 

4-^JaeJLa L 4£^lj 4 £j->- 4 \ £ jlrAtj i . JU L^ 


<S> 


1 A* .*»). tXU 1 4&^aJ 11 ^ ^LrtJ I 



( ;/i C-u^i ( 4 a^.'.:U j* 4.3.^^Aj.!i 4^ y >JI^ Z j^vl 1 <j j•>• jp»L<uil }f3nA jfh >- ■ 

';. 7 *..»'>Vi 4Att)L->ijVt 4.i^U„ii\ijI 4^-AV £.. 4 ! J (,j“^ 1 Am\ { , t J& lj-U4i i vXjJl^K. 1 (jlj}JJL!l j* , .s' 

* 4jjlj.il 4hjL,^il 


jil 15 5*^1 j A/g 44 jJ>L^JI 4^yU t j.!) L AJh 4jb#jJI ^ic. jLjjjJJU 

L.'y:jJ?, £*Li <J;V j\!^jj$\ 4kJLt 0^)3^ {*>■*• ^ O^uv&li 3$^JI . O 2*-Wc» y$\ 4-lcJtJ Ja£» { jlc.1 ( . ll 

pl^ot C-;/.^ O Jt^.- % -- T X Afjg jt>jiT„ OJufej 4*>jjl « ,j( Vj . IjAi^ ^ ^Ltaj <tia2u!t ti-lij "■• 

- .,.a 3^I xy t5? b i« ajx, (jj , ij Afg 0 jt jj..<j tjjfk.il W ^!>.A4.4*U *v- 


4j*-*;ull ij^ljJl 4*£ ja^JI j jljjjJ! 4Ju- 


rfL 
r ” ~dt 


:- a - di^ljJI 4$ ! I 4vi>f-.5k *UVLa Cy JLr, 1 j.' 


t/f.j 4 jjI jJi ijOJLJ £jJi=3sJ (jl Mjdl (jl »1^.5 4Jj)L»JLl />JL& 

(J&Lu* jLs US 1-4 ^J-A, ^/L £jjSu jlj juV jill 4 . 5 &Z . -S (j-jIvT aL^jI ^ 7 si jUuJl ! jla 4jyV>) 

At 4 uJuo^ ^ v h . di^ll] j^U^JI ^ 4 I iJ^^ r J IjiAj »(1 

>f ii> A^\,x.fi L ^Ic, Alv jl ci* 4 >, . AL s: — L >• ~ % At ^ 9 jb 3 ujlyJ! 4 Sj., jmJI <lj^s 

t .,:.y AL 4 ^j. 5 «JI 4 a ^eS ^3 jj] . L ^> 1^31 joAaj ^jJI ^.'C!j(IL ? - I — ILj? I) J-e-aVk 

.40^^! j! 4a^a lJ Lna]i 4^o>Jl 4i^£.ii! CjJlskj cf.UjJ XV ^^a^.xU T />1 -mj1 

-(20.1 l<t) jSLii ^3 (jtu.il j y2xu wiLLi cps j.SLdj Xa^L^^I 4u.^.i^i!l j. >JI ^ 

<U.aD I J.ii ^03 ll 4.3LaOi ^ii^, JJOSOS (Jj >“ 4uj..%j AOtlj jj 1 ^O-LvXi^ J 4if*,C- fjA I k .iA m 

.^:*h:.j 4^,xX<5 Ij “ / iO L^l) 4oxji> 41 ?cJlLI J I , JJ-*' Cs) 4 j jlj) Li Jo^.- *4l'Aa.JJ 

4oil3 \)A »0jl^3j^l 4 LJL c J ^_>- jOjXl C >^/J JlJ LtT„ J) .(J^LoJI 




4_^.^(a) ( 20 . 11 ) 

(.yL. 

- <Cil~i.S j$j~a {jji h 

pj.^£% vtj Au>a 
4 )i.^ajVI j 

(>7 lc oj : ^ ^juJi 1 j.A-) 

tjijjoJi j._a fbbj.ai 

i b-sS t a bi'' 
( b r — i *- r - <?oai ( _ r v c/f - 

jai- Ljj~.'*-ij .j^„-xi,i 

.(It (y>j (^a <*J) \j-)I ; 




ISuAtyJftj IS^lSUir *b^uill 



Mg <_ujL>Jl O (J jj >~ jijjjj ^^x 4lr><rft^j j^_>Jt,l (jr ix S^jJJLI n S^JsJ! 

j^*Jtl i£J>^*x jljjJ-JI f , '^ jC { _ r lc Jba Lt*«4 j^_>JU j! CXp* iOj^w Mgh 4 u.+jA jljj.} 

j- j j u lo 4jjI^JI 4_^j_>Jl 4 -l^ £ jtj^jJi j* 3 x -( 20.1 Is) j^» -^t-uz Ij 3 -^ i-4-£ (L (jyic 

- i _ ;r x3VI ^ jjLfaJl t ^^3 ^i jljjjJI ^X ^ j^J J^>d! Cr^* u£- i .5 AX ^ oL>o^/l 


4_ya Jl 2~J 4&jM 1 —j^Sluu1 !x& 

4ll£^>- cLliit j^v- ^4 _ocjj3^ 

3Jl_j_>.^J t o^Jiil . 4_iiiL<u j^re—s 4 j 3111 
3j_oilj /V/g 4_ijjL>Ji 3^_£ lJ7 Jb <_tJLc 

.n jl^LjjVl 4 U3 1 . ilc. dt_>oV! {J ^£ 

jlxLol L 4_jjljJ! 4fi^>Jl 4 la. *s tfl_>ol 

J AL j (jlJjjJI fj-£- • (Ji l 4 ~ < H JJ— * .A 
<or 4-uaJl alj>ol 


A 



4^>- cii^rtx 4Jbt_»i] 4^tKJl 4 jjI^JI 4^^_>J| 4 (jl ^j^jslSljllm ^Ltixll IjlA ulloj tU-ta.i'i 
j^jjs 4^^->J 4jtxx 4 j^ 1 jJi 4f>j>^>J 1 4 _l4-^j cilll jx 4 _>oLiJI /(D 4jj IjJ I 4 £j^>JI 4_x^ 4 _i>oJu2 J 

• j^j?' J>=^ 4^1 

4_^lj>JI 4^_^Ji 4 _la^ jl ^-uju^ 4J*l£LH 4^->* jx 4_>ol_iil 431 uioVl (J- 4^1 4^>JLtit ijy 3 

(0 <3ulS I jj ! Ox>. Luj-JJ uiii j j. j.^« j 4 _j_Lj_*JI 4_p-Liii j>3j . 1(0 4 t*ni4 4uKLH 

jljLXgj ^UaJtil 4 jjI>JI 4^_r>JI 4j <& ^o_tj 4_uj\_>JI 3^3 jx ^jLx!I jljjjJI j*jX idt 4_jjLa^JI 3^.TidJl (_^3 
4_ui-^ jx ^-IDj . 1(0 4_jLua^fl 4 -lLSLII 4jjIJJI 4^^>JI 4 ^JJ 4_gf■*< ^ £ Ctii <^>l I jl t/L — T dt Ca> <^/L 

(JfC/L ^_ ;7 3 ^_ 7 ^_3cJLU ^u-oj-JI^ 4.ilSLIl 4_)jl^Ji 4_£^_>JI 4 j ^£ ^>Lj>»jI ^3 43>*ljl 0JJb 4_i3LjudVI 4-^-j>J| 

jjJlJ ^I 4jj!)J! i }I {JJ-&3 city 4jjI j_> Ju 4 _jjI jJI JS^hJI 4_ix^ 4_^Lo dt jjO^JI ^3 4 jI jA_Lj 20.1 lb 

jl j^j>o dL , , L^- j-« 03 ^*^ cjl^ciUI oliu j>sj .j^>JU I^j 

* dL (Mgh)dt 

sin (d^) - d<£ = — = --- 

jl>^ L~Iio 43jL»JI dt £jr lx 4 .i-u.Ti 1 Ljj . oj.jljlj.s-> 0 j^j Lajjx 0 ^jLojj sin 0 jl il* 







(Jj^jlII j>>JLI J^>- JjUiII j>»^ 5 ubi J u 1 

d± = m 
P dt 1(0 

oJiAj .Precessional Frequency .^j-lill .ijpll /\ ( _ T rU > iII jjjJUl ^ «i ,,.1 co SjjIjJI 4_c^>_uJlj 

- - r 

^j-4 1 „V j 7i ju ^i£”l | 4£^_>. j^ioILu Vjj (Op « (0 (j_^Su LqJLlC. iU <i 4 4_a-j •> jj4_a- 111 

tillli lJu^i . Mgh jIjlaUj SjjLSllj / co 3 Lcjj^. 4 a-~j (Op << co 11.28 <Jjl^ 

. L^ijLw (J ^s>- 4 jjsejfcJi <Jd Cjjlj LU£ CO SjLj^j (j-u^LuJ (Op 4 _u*ul^JiII I Jjjca j/l 


3jj J 4. a SKJj3 4_£!j__^ 4l gfc <11 illj scT) Lojuc 4_ujL>Jl 3 j_4j JjjLail JjLuJI jl, V 4 a Us 

♦ <Ju£ 

(^^1 (O***®) 

2LJ ji 2U jljll >>Jl \711 

ANGULAR MOMENTUM AS A FUNDAMENTAL QUANTITY 

. II 4f^->- t_2u-oj tJT 9 4_ua_A 1 4 J 4ujljJI 4 ^j>JI 4_ui^ g4 a jjl <■ Luij JuU 

Ijl2Jj .Submicroscopic c*>u 4JL>* ^ jU .u 4 * ^4M Ij^., 

4. jl j)l Ju>-j IjLA .4-jjl^lIlj 4 —i_1j j-j>J 'j 4uj jJI f 4 -jjJu>JI CjIjj. ill ^j^Lxj c ,a 

444ujl^JI 4^»>J| 4 -l 4$ (jl JjLu_uJ! IjlA ( J7 Js 4uJjI 4^1^ . 4uJjl 4u-c!s L« ^llrxiJ 4jjijJ! 4ii^_>. 11 

Ju JuJ! ^uLu ^-u>. LglutaxLaj 4_Lux]i 4JLuj 4 < u.nL>. . L^jIu^Sujj Culujj^>Jlj CjIj jJI ill 4 is> 4_» >1 > 
4ujljJl 4 ^ukJI 4_l 4^ j)! l_AjLd>5 4^3_Laj>Jl ^lc. Jbq-jJtJ Lm i4_ijjj_>Jlj 4uj jJI t > ♦* 

4u^ljJl 4^ju>Jl 4o_^ jys 4_Jj! 3CjLi£.Lua>5 ^ jr Jt 4L.^4111 4_p^LII ^_l 4JI tfJLAj . 4j_i^4-La 4j l^l 

. til_j jLi CxjLj ^ ^ < «tj h lLcx>. h —h !2n l , <t> •» 

l^i jjtlxjj! (j^ 4 -J c iug (jAja-ouj fl — 1.054 X 10 34 kg.m 2 /s 4 ujljJI 4 ^u>Ji 4 u-a^J 4 -JjVI 
I Rotorjljj O-4-t-^c O 2 (jA_a- 1 n ^ju>. ^-liLcj .SjjJI ^Lu ^j^?e-U 4u^ljJI 4_c^_^uJI .1 .1 

3ljL<-axu. 21.11 J£-4 o ^^9 jr^y 5 14l“x< 11 yj£j-a uUj‘ jL i5 ^ 4 _jj1u 4»bLi-u-4J (jluJ^ L jl » 1 ' 

4jj! j 4^j_*_u (J^j j JlUJ j)| 1 \ '& 4 J /j 4-Jj^/l 4^L 4 jjI^JI 4£j-r>JI 4 <•»’• 

h 




li or co » 


/, 


CM 


jj_>JU Ijuk (Ir'-sr ' 3l jJI jj is\ Zll _ c. jjl Ljj >.j 10.3 Jl l>i 




■Wjij Q/H J\,;i j.s.A'j A--* 11 •-\-4.-iiJl £ -j) I tfs.3/1.! OL^A.#.',) A* iijo! u* 'Xsc. ,) 

4,-:l.J^Au L« J,.vC 4, j 6 =/.*■..» I ^.nUu^lj ^ yc.'Ji.t t jt (j”WJ A.*.4.'.«*A.fl \ £j.‘£: 4J 

1 j^ L'i j 1 JLlJUtll tiiLu&J . I ^ 4 jj. )J1 ^AxAl { yj\ iaj s« aa*j$ J cLi=*y*,*f; jj^5k«s (jl 4 2a* iM £*# 

4.1-^SU. 4-i<r<1 (tj .4 4_A/^S i,./i J. i) j y^iJ.J/Li \a, j .UitW { ^ J^Qil C-V..7-U -vJj 


a! t^\.kl 11 oj5L^ . s^fC/Al />r.x.-^ >SJl}j Niels 13ohr {188 

j£G. 4-j^Lu/^L^J! jL^i-u! C*Aj . JL '•>■} ,/Va*.^jAt. 4/' 

*u? 


1962) yi** fij.r* .a i 

- Cm.j / ^.fj .-I % j r d i A j .^,1 

- ,: 5^ t jJ &J.J& ( y\* ic )^ y4>vi<\ , ,.L; 


4iQ-^Ji ij&-> (j <Mj. A I jJ * r% CjI jU..W3 j^;c$ qa 

4jjIjJU 4ajjQJl <Lo.<i^ ^jl ( y*j> \. 4 A f JJS <Ol o^a-^.v:^ X-' 

i rth ‘‘*^3 ^£i 4_£iij,jjJlH C.Ax^AI ;k« 


J Jjjjr. S ?SrlVl ij* %&> £" > :< v\ 

n . A»d Ai \u\]j\ 

ft * 

1 \& . Quantized AAs.a 

.(4:UlLail f .^!j) oijAut 


SUMMARY ^ailo 


i 4_3LLa 433 ^—(_ 3 ^j-»l 03^ {Q.C ^ y.S’-iXjt^ 

‘•iosifvlli 

-sji Oll-s 

1 -5 

. ~ aJu^LU 4aIL£uV 1 4lSj.^.tl 4^Ua • • 

•• 2 <OtS ><-.,. 

*, ij 4a .1 i 

„ s , , 



K ■■' 7 h wi ( ° + 


•iJ . 1 :< J 


. ^tdi ij! 

? v,SS ,/,c 

tirxF 

{ 

9 -JJ i; ^ 

* ***-> 

4Tla^B 0 4^^cX«'4 , T ir>-Ai 4^-A.U 

.4 (jljj-tsCi-a i.L 

( jl$ i jj 

C s AB sin (j> 

/( 

■4 

4,11) 

^^jLuJ .1 Lojh*/~ Ob" - r *" A x 15 C B >. 

4a 4J 1Q i 4j ^ 1 V.5 i 

y- A v 

^JumH ' J.JI 3jLC.iB 4.lgLMrt^ ^U>-i 

JJbJ B 3 A (J 1 , 

4icrJ,l iys i 







jjJ \ 31S1 i-dt d£jJ*J t *juvC ^4btlI 


(m) 



jJb P — TiX\ djLiiJI <C£^>- 4_La£ j«u»>il L AjjljJI i£^>JI ^-yS 

L s r x p (15.11) 

• l$JJ) “~ 1 ^' jU»! C?^ J^eVl 4Uii> (^l 4 uni lb p ni-*ill ^Jaj 4j*b« Jj* r d.u.>~- 

4£j^>JI 4j_ai> __>_uu (_5jLiuj jt jUui> (jiil jj£Ji,l (_y*-jL>JI (jljjjJI - 

(^.a^JI j_a Sj^ljJI 

2 r est = ^ (20.11) 

_jjk Z Ojb jjjta (J_j^>. J_J4U JlaLa. ^ i n^l Z i>L>uVI 4jjl^JI 4£^2*JI 4_uj£ 4j£_^4 

L z = 7<u (21.11) 

,4jjI^JI COj (jljjjJl jjjta (*> 1 «y W j^jjtjJl jj .xStl _j4b I <,?n-v 


Jljjl 


J>* 


Jill 


VJ-^> 


J Jj^aLa. j; J_j .la La. 


j<l i n a. ^JlC. SjjJJ.I 4_ta-jL>JI (jljJjJI (jr^L** 3 — 

AjjI^JI iLfcJI ^ ubi^' j**- 9 J>' 


4 ufA£ OJ^ •*! Jbc tj gist (_5_jLoij |Hm-> (_yb 4_t>.jL»JI (jljjjJI Lr^^ 0 lij 

4j$1jJI 4_^-j>J! <Lmj$J£ Ja_A->. ^jjLb t^j^jLSil IjlA ^1 <1 Uj A a 4.I.KJ1 4j^I^JI 

^3 VI (^1*2, t^ LU jJl ^ I 

I i a) i = = constant (27,11) 


4 j a‘C 4j» 3L« *L>ul g3H 4 u\ l3La * LaL^-i 

*4^^>JI <>L>uV 4-i-miiLt 4jjI^J! 4^JI 

2ju>.Ij 3^3 CjjL^ I3J — 5 

1 iS3^ ajuV 3j_ 3J1 ci -l l3 ^3lilt ^Ij^jJI 

43 1 bfjliA . L_a 4^3 > 

• J-^ 2 jV^- 

4JL>- Cj l <y -l 4<1 1 (j-4 4-A^iaJja C-ol^ I3j - 6 

4jjljJI 4_^j—>J| 4 _x_a 5L! 1 ji^4 (Jb& . 4 _£j^v. 

1 U 3 1 ^JL->.1 J^_>- Ij. 3 .ua ^jl_i-a3 (jl 4 L Id I 

♦ ^-J.^r> y VI 


QUESTIONS (Uual 

SjjJJLI (jbj 1 ^^ «—j! III 3- J)SL«JLI £yi (Jj4 I 

^ubi^' y^J- 0 -y- > - 3 'j UJJ Ju»b>- jO-iua. 

J-Ja^_a (^b. JljJuuV jljJjJI jaj_c. Ja 

^Obi^t 

■1 1 1, *n A-(BxC) i JII .’ 

4.^b« 11 bU, ^juaj d 7~ ~ n 4—1-4^ ^' 4 -i. iiLbs 

i «a L^J (^’B) x ( 


f '. 1 "■> uM- >*ii' abi"^' fj-c- W 

Jj-33 I jLu .j. a 11-1 (^jLuij 4n « a (Jaof 4laai 
S4b>3ill aJL* 4jjljJ! 4^^>Jt 4 T t*£ 


1 


JjLjse-a 


pi .ii-^l 4 / ..11 


u* j^! * 




tS^Ludltj ISLjlSatl- JjVujaJI) *b^N 


oljLc. 3 X 4 <i, V i>> <u la—u ^3 l)i — 11 

viilj i4__ujL_>Ji 4-^a 4<ijj i(\, U i) jjwU 

OJlju i jl—^ <_y _£5 4 j\i—iJl 4 —nloJJU 

. J-U 3 J S 0 ^l 3 ~n LoJlxC 4 ^^_ i _alJ 

BjjJwJ — 3j (ji 3 ^! 3 — iJi Jlj^j l aJL-lc. — 12 

4.1*-^-) lislX tgjJ <*o 3 JI 4_t_aJ lJs 

^ 4 jj 3 ^ (jr £J JjuL 1 ju ciiJ j 

i> 3 -j—L_4-<k!- 


-1 (j l ~i "i o is\ a ^jL3j_£ ,17 | 13 

3 * l£* c£ 3 A 0j -xjlj^3 

iL-ulj SJOJI <jr Jj Vjl 

3^_4_ji_u 3 3j> _i_<—i-o L^JLbUl^j 

3^1 J3 333 ]! 3 UUIJ U^j 1^141^3 

* 

^jl 1 a $ 1 a ^\ Zjjj 3 -Ld 

S4JUJI tJui, 

dJj^^a 33 J JjLj-loj 433 -C. ^Uu^J LiLl J3_ua3 “ 14 

oLij^JlII 3 ^ I wLgJ Vn uJj 

Cy* & ' J 3 O- 4 ur4-^ 

Cj^i >r ^i 3 jm-^ Cj^Ijcx. 4«1 Cj>bcjJi 

L yz\jJ$\ 4_x_j-A 3 lr. 1 ^ AjLuaJi ^£3 Sa^—t_t isy 
^^ 33 !^ J^-tL t _ 7 i C. 3 1 4~< A I^>4 

^- 3 - ->Jl 3 4j^ii 3 ^ ) La—— 15 

3 —i-4J l 4j5> 4-4-4-fa^-^ t 4 M t 4_4j 3 ~ a 

.^jUji 3 ^ u ^ ) n 

. 4_IuIj 4_c.j^iJ 3jJs! J ^3 |<ULtu> — 16 

4_^3__>J 1 4 ..> 4 ^ L_ gJ3-^>* 33 ^-J 3J>_>. 1 3 4iaJLi 

* 

(j^Su >-lj Lulj I j 1.1 ii a ^<u_ “^ 4 -* 4jjIJJI 
. 333 ! 1 3 -uuu 1 A. 1 ir 

4__>«3J £LAj ;1 <3lJ 3 < <f jjl—^ Ij] 122 | 17 

3_>a —ojl 33—ojl —>■ 3433^1 ^3^3—>• 

<3 Uli li 3>3 J—-JL>J1 3 Aju 3 L 333 Juj —4 ^JLI 

t—d-if* ^l>Lu,yi cLa->> *- 33 -^ f-UI 3 

331U! 33 -* A - S 1 1 ^ 3 -^ 3 ^ 3 i "* 3 (jr 3 ! 

u {J-A ^( 3 ^ 3 ^U 
ii *33-5 0^3) 


3 _^- c dllV Lu»» U 4-. ^j 3 Li j 3’3_£^ C-t-j—SJl — 7 
4^3_>Ji 4 j 4^ 3 I Lr 3 ^ i^ 1 -^ * LAj3-=t_>3 

J^loI 4U 2 > jJ 3 —>- 3 —a—t-o ^ 3 !—!_u3 433 I 3 JI 

. ^_u^3 

iiul l uLl-3-3L 3^4 4 ^r«l l 31 ^^ ^ j~9~| 8 

4_oJU 4^.3 ,(■» > ^ 3^>-13 ^ys I 3 J 

lJSj—aLM Cu— t-uL^JI —>* 33 J 3 —« 4Li ii»l 3 J 

_*-u_}l l_^.K <{ J_i_^ac_ m ill uLuj_tU/ t- ^ J 1 ^ 


^ 1 1111 j L^jjo | 

3I33J1I! ^3X- 3 iltlu i A4^ .33SLii 

3— j *—lo <■ 3 j ^3 ?3-43] I j-xs 3 3-^11 iiUj ^-Li 

3!J iil S3-43JI £-« 33^ 1 jj SjjljJi 4 _C3 .iiill 

t-Li-j3 All Jl<!u tljJL j>^ 3 <«i!l 33J3-^ 

L>a jJc. i In23-JIiJ) rt n 31 ^J^a-4-^JU 3 .»fl *3-^ 

4 — j— Oj 33-^J 1 —«J CiC. 3 1 4 — 1 LU>* Sj^JI 33-^J 

. 33^1 (J\ x;~irw^| 33^3 4lU ^ Jr 4 4x>3l£ 

3. .€> 1 ^ In. i.u 4 Ji { 3 In j,»^ ^ 3 _^ jJlj L^a.k If — 

i Li a < 1 \ 3 ^ t_i Ju>.3J (3.1 1 ) ^yjs t <a ^ 

<-L >2 4 4 -t i«<3 4 1 ^3-^ 1 —4J 

3 -^- 3 —>* uluL^ llii SI—4 4_I3 j>J 4 ^3 

SjJsj 3JL3 

53-^ , 4 ^i i »i 4 4-4 1 "1 ^ L4] ^\ hi y\ — 

4 j 1 3U ,-ui3 4 4 _j— 4 <*r>—a 4 j 1 3L> /1113 <4 I 4 a 
3-k xxt 4 —< 4—4 ^y 1 ^. Cu *—udj . 4 —C.3I —4 


10 


4lo->J 1 ^ t w m -v <.~x3 ll^jl !3( (Q 11.12) 

—ajjl ^y-Li 3^53 33*\ < <1 \\ 4JI—>. 3_4 3 J—>.13 

Jo^u 1 ^1 . 3 V 3 JI 33 J 0 . ^ 3 ->.JU 3 JL^ij 

J 3 LV S 13 ->-I J-^J L 4 L 6 SVjI ^Lill ^1 
ji <4 lt]V 4 3 - j "iitl 3 1 Ja^V 3 J3^Lli {jr ^ i JlA 
♦ 3L13H c 3 a^» 3! 4 b*CIt 3-4 (_£l {J \£. 


3 ^2-u j»l ^3-^31 J 3 I* 



•( 


12.11 (JS^SJI 




iUjlJJl kiol 1 1 :tyuuA ijf ^IgJI(Juxait 


PROBLEMS (JjILdKs® 


. Jui^J.1 J^»J! = j^j Jt_>0 i 4 la i M^JLA t 3 ^-ZuLj_4 ^JjLu-4 — 3 t 2 il 

http:// www. sanunderscollege. com/ physics/ *y>-y> J*J1 = WEB 


4_lLLj f t i A — 


J-sLJLl JV1 c— 


E 


3 >®>N floieiL-Lj /<J^j £ljjf - | ] 




LaijJ->-3 l tLu-i., ij 2.4 Kg 1_ g _~l~» *> 2_iL>- — 6 

-><!1 Ltj In^ t 2 i^iij 6.0 cm {jl ->.1 jL?t 

<jL^ (jr^l 3X>j' UJ- 3 £j-^-jj 8.0 cm 

JSLi 36.9° 6 Sbjlj ^: u~t) jj>. •> i/a 

1—g—j—B J—u*5 ^3Ji 4.1^•a-ifl (P6.11) 

^L 1 X =2.00m ^1\ 42 .1>J1 

4 — 2 L>JI Ct \is> 1 j 2.8m/s 1 g z. c j _ im cuL^ 

t4_aBL2>l 4_bLu 2, ^Ll (j^l BjJu-uaJI 

^Jl ^j. <u*J ftJ . <_2-L>J! ^1 7^j —>• i qj OIJlj ft5 
( jr ic.i 4_al «.<iU L1 jltll 4jl ^<11 
• L&21 L yl\ 



ftjj^- 2 /Lc f.\ <ii*- j^yic. iuoli {yz 4oL — 7 

10.8cm 1.^.c.Lijjlj 215 g 1 .3 LLSLa 


jj^SLj-u 4 JI .> ^b Ci.* ,i4j ,6.38cm 
3.0m 4ijJo {J-jLc l* <« ^Lt L^jjLn. i _ 7 lc. 
iZjSj-A ^_3 ^-2-bVI j_>5 25 4_jjIj 



1.11 ft tu ^ 

WEB 


3X3"^ 03 ^ ^3 **• lO.OKg \ l~<5v 4 j1j^ In <..ul | 1 | 

(Jui-t 4Li grlJI JAlC. .^2 Bl ^-La-fau ^JL 

10.0 m/s 4_£^_ti/ ^yjj 1 £ j-^j —4 1 ^ j..b 

LJL2L.V1 4 ^h>J 1 4^LL (a) 

4i^]| j£jj* ^IjJJLlI 42LLJI (b) 4l^JI 

.4JSJI 4bILJI (c) 


4.0Kg 1 ^. 1 :^ ~ 2 

131 0 . 10 m 4 ( h tsi)j 1.6xlO' 2 Kg .m 2 

4-C.j-iu 1 J L o s '$j~}\ Qjl 4JSjla (J? S C-uL^ 

. 4 uKJ 1 I^ibIL ^ 4.0 m/s 4 ,jta*. 

R La^JoB M l — 3 

4JU. ^.4 oIjlj 131 ,2/ 5 MR 2 jJ! Lkj^-uaB 
1^ xkl 4J jj t-^l^Jl (J* irtll j\jALa La <“11 
4-iLv%. 4_C.^_i_*u ^V^jI 03*^ JlUJI IJuj 

.U, M <]Vju JiAll (yL j-y. 5 V 


2bj ft La" la /3^Joj ftLxjJLa — 4 

13| ,h 4-C,L23 j1 j J *r <a 4 -aB^JLi c_t-3*J l 
Ij\£. ^Vyjl Q^jjJI ^a 1 3llol 

,^L- 2 J 1 ^yjj yl—t-£U 1 _ aJut-C. 1 a £ " 


. Vjl ^l2il ^1 {j-WU (j\ A t <>*<11 


c»- a 4T ^31 41 *l.«11 £yc. (a) |5| 

jJ-uaj j J—*2_a 4 ial —>. J> lu ft tV( a 4 

41 jae-« j 4l*-_» 11 cillj L)jlB j-A 0 ^£$1) 

jJ-dL-jJL jl.l 4 a JbI y£t> La (b) ftL\" 'i a 




ISL^LuJlIj I SLu l SL^l - ^b^ualt 


£^Lud! ijs g rtJfclua 

(b) 4_>.L<_tt —a <,n u ~>-1 (a) 

J^LxB <—< mi^I 

J A = -3l + 4j 4Ja—(jl olaJU /)l fl.^e.’lLc 


sa 


ajjl^J! (b)j AxB (a) jL>-jl B = 2i + 3j 

. A_j B (j’U 

B=6i-10j +9k 3 A=-3i+7j- 4K a^LuU - 12 
(a) cos - ' (A-B/AB) jl».jI 

^ylaju U^jI (c) sin -1 (IAxBI)MB (b) 

• Cjl^scjJ,! iijljJt (s) 

_a- ( _ 7 Lc F= 2.0i + 3.0j N 3j_s — 13 

jjjt-o (Jj^ 3 jy XL - a Cy° 

<I-iSill jut »3_3J! cjj_ 3I 131 . z cjLjjIjl^xVI 

jIjlO* (a) jlxjI [r = (4.0i + 5.0j +Ok)m] 

(b) z u*jj-'-b fj— 1£ cr^L-^ 3 

.T jjljjjJl ^3^* **'*'-* ^ tfL>u] 

(j\ Sistcj A 4_scj_« L$jj 4_x)Ua (J3-S — 14 
ck—4 (2i - 3j + 4k) x A =(4i + 3j -k) 

. ^Oaj tjLA 

4jtlLisj y jy>A oL>oVI ( _ y a A — 15 

3_£ 1_ a x jj. it <—31—t>uJI A —^uVI (jyS B 

. BxA(b) j A x B (a) oUGl 


4_StejJtt 


£. -a-o^4 


-16 


4_air. Sj_ jjJU d^_2J!j[r — (1 + 3j)m] 

ubj^' f3—^ [F = (3i + 2j) N] 

L^J j^aJI 4 L-ta ill (b) ( Jo^dV 1 4UlT> (a) 

.( 0 , 6 ) m cililaxV! 

4_j^l^JI ^^-a L—xs IA x Bi = A-B ^j \—£ Ijl 

SA, Bju 

^jAojl—>. jLi "x A Fj, F2 

<jr Sa I 4^ £ 5 Lu»VI <±3il 

4 In H i ^—A 6) 4_La_SJjlj (PI8.11) JiLi 

3j—oil j. -kjI • (iuloJLi ol—r.1 —ojj] —S3 

Z? ^ 1 r. F3 4-111-jJI 


- 17 


18 


. 4_bLLoJI «. In a ^ysjuiA . ^1 • Cu ~ 1 

Ijj .4—jit 11 ^yjl jJI jj) is\ _ill _c. L-uji .>.! 

(_,!! J^aj 1.5 s ojjJa cjo-i-l 

cu oL<j^Ltil {jr it 1—4 «JSm 

lM U^l liLH Cr^ 

La^I Ju v 4-Cj ^ 4 0^- 4jl ■* ^ ^uo-joJI ~ 8 

4_r.^_ lmJ (jjJ ^2 -^.JLo-IlI Ojl-usj 

U£ ^Lt^-4 ^>5 ^y_4_fiVl ^.^_j>JI 4.03 m/s 

Uj_i-t . (P8. 11) ^ J-A 

La j. In 4 4 _jJj^4-C 4jjjIb 4_jj>. J >-JlTu 

^Jr. 4_In^a JlLc jl—u*JLl ^4-J 90.0 Cm 
<.^xi_>4 (a) ^>0 20.0 cm jutj 

j-oj l^j? .4^>JI <^B jilr. 5^31 4 x.j-u 4 
Laglr. L^or.^_ioi <—(b) LajI ^ *l4 

ijy SLaLLtuVI ^y^jSiA-i (c) jLJsi 

5^^111 i rr 3 4JL-4—A| ^l. t u 11^ ^>2^31 

(jcfiSi-LM 1 j o t (joj Voj dJaJjat 

4ol^j-aii ^u4J (^jLt^iJ ^*1 JbI ^1 ^^1 l 

.tillj S4_tiKjl ^^yir.1 jJai 



P8.ll JS^JI 

gijjJLil ^Jx-j Uijarl Lx 2.11 

j N = 2i-j -3k cd_a jJ o'_^ I3J - 9 

i 5^ us jJ »—<—M — 61 -\- 2j — k 

.MxN 4^1 

j 15.0 4 _j^!j jlIx. 42.0cm ^—>• .ill — 10 

^>4 i, i. .i.j L-4 .a>L-£j 65.0" jJr: 23.0cm 

<?L>ul ^Lu^Laa (jLbjtjJlj i 4 _LxLi 

.X >JLl (JU* 4 cl -iuJI ^— c. ^yti^c, 




I 4 j>^>hLJt 4 SjaJ 11^niif 



WEB 


^ln«j 2.0Kg 4 ala *> j -vj ^jl^LU 





1£ 4-u^ u^-^i r = (6.0i -5.0j)m 

4J|jufi 4 i-l^J Jj—>• j«U-mJfcU ijjjyJi 

Wl 1 j ~ lli £ (j-0 ( _ T iaj^_ie_a (JjJuj — 22 

[j-5-2' l$J <■ (j3 liLH^- 3 ji (>9 ^3>-*jj 

JdU .(P22.ll) Jiui 

0 4jj 1 j ^-} ^ 4_Jj_Ls J.lI *-ILll 

4_a^ jljul* 

4^jI jJi yj£j—a 4-la£JJ 4^!>J! 4_£^_>JI 

L = (m 2 g£ 3 sm 4 6/cos 6) m >* 



y £> Lfr^ X) 4jjl3 4_Xj_tiU R L<b^ In °i 
X^'kSj^lS Ijlj bl .(P23.ll) 

4 -J 3 I 3 JI 4_£j _>31 4.j ^4 £ .Q 4Us;n 


4Jij£ P 4-La^lll ^JdUtt^&U 

y 



<_r^i BC 

. j, a is> ^_£jl l nj O 4 lort *31 <J 3 —>- ^y-idl 

SjJLl! ^jJ3 1 M 1^-11 3 -^ «5j 

4_LuLj j_^f q If. fi 4 Ina Ill JlxC F 3 



J-uaj 1 .Om 4 J 3 I 0 O. 

3.0Kg, 4.0Kg 4-3 g^ (q\ «.<<i-*w 

4_£.J-4—>JU Jjju . 4 i_*nL^-? JuLc ^"l. t *t .x3 
JlJui (jljjJ 4!r>rti *Xy ^£$-*-*-*311 

(Pi9.il) jsla V j ^ an 

3 -i-oVl 4 _Lxoj JuX ^LioJU 4^ijJI 4j$3—^31 

.5.0m/s ^<M.<-u->. 4x.j^ 03^-* 

j 


19 



.xy ^jj-uuJU dJ^tib 1.5Kg 4Tti^ — 20 
v = (4.2i - 3.6j) m/s 4_x j. ^ 

<j^-i i X Jux. ^j < u *arlf 4^^_>JI 4 jia^ 

r = (1.50i -2.20j) 4J tfSX\ ^ 


P23.ll JSLSJI 







IS^lltaftj tSuatSUl : 



4 io^ 


. u!aA» 


jijuj 


l ^JjC 


3^ 5k It (^j>»j-JI 4-11 j. *s )4j^lj-JI 4 __£^—skI! 

4^QjL3-a J-4 -a! P 41^3 <H 



^1 <u (jr^- ■*■ t.i^> a — 27 

(JJlJU4 . I i A J_=tJ l_j_3_si ' 

,Xir. ^U! 4—Cj—^ 6.31kg/s pUI 
^-4 jTi (J/UJ JUU ^Iaj_>Jl . 12.5 m/s 4jfc^aJi 

jlo—<L<u Lj-4 c . Ju « .. n ^LLaJJ (J^vj 

4 L-u3 > jLJwi 4-5cii_2 1.3m 

J^VJ - 5 (jrui ^jJoj- iJl J-t-oV! 

4j ^jJI <j!jjjJi fj-^ j-A l_4 .j^sUoli 

1—4 ^1 S^loj—kit ^Jlc. ^Lkli Jjvj 
S^L cli 4j jI^J i 4 £j>_>3 I 4_l^5T 


r>J 4 J 4 5 4.11 

.Jj JU CjL+uaA 

0.50 m La jin* t-jijuaj 4_La^a-<-u-4 4 4 laXI a — 28 
4_C.LuaJl JljU 3 JU 15.0 kg 1$1.1"^ 

. LaJ^>-* JM->- jj-^4 J^. 

LoJd^ 4j^i^JI 4 ^j_j>vJ! 4_j_ 4-5> 4_stJLa 

3.0rad/s ijjljJl 1^ 

3 .0kg 4r< \~i$ ^Lc<i4 t~<4 jj-ojJs — 29 
o_>1j jj —»—4 Jj— jjj^j 0 . 20 m £j Ua 

/ 

4-C^. t oil CjuL£ l3l .4-g„ >.^ (jy-1^ -4 .f. 


^_L»sj 2 tla-^v jp.« .4 4.0 Kg 4 _ilLl£ — 24 

(10.20) JiLi 

4. . 4 . i\. j t,4 4_j 1 j) la-fao 1 Jj ^_Lc. 2>jJ\ Jlj 

2.0 l^Glx^j 8.0 cm U^LLa t juat 4JL<v-t^a-4 

^llrtlLl (jtjjjJt 3^ 1—4 (&) Kg 

4. c.j —lm k^aJLlc. (b) SO 4JaGJt]l ^—>- 


4-4_r.j— loj 3j SLlD <j^L> U >Gt 

4_£^->Jl 4—j—4—^ —t_o_>4 .co=u/R 

^^Ui! ^ (c) O ;H 4j K ll 

^3 l ^ jlr. t"G■>. 4jr ■!“<\]\j X — dL/<// 
. ^-t-q- > JI 4 Itt r. t_,4 I a>-l (b) 


V- 4_ajl jGlj] 4_C j— t_uj i_aj_a /?2 4-TlLL 5> |Cm->- 
(JSL i'll Ly 3 1—4 ^ ^3 -4^1 £-A 0 4j ^\j ^ ' ix ^i3 


JL_^-4 ^ ^ >JI .(P25.ll) 

4_£j__>JI 4_j__4-^ . <Lj r uaj % $\ <UujL>Jt 

1—4JLlC 4-LaGj 4_j^t^)Jl 

(b) 4Jca_4Lj jlLc. (a) ^u»ji—>J! 

£J2i tj\ ^Jia (c)j 4J 1*41.4 {J7 ^ 4-La-di JlIc. 

f'J-C- ^-AL^4 (d)3^—GiL-t-4 


. 4^ljdl 44-ua^ ^jjxi ^ i 


» L^*^l 



^lc 4jjl_i^> (jr^ *4 ~ ■ * - Q 2?2 l ^ It CjS — 26 

P4_LGJJI JuUl it 4 UujL^. /j-U -4 


^Jjla P27.ll Tu ^3 ..4 ^-A 


J_>5 1—6- A U4j (jt jJI 4_ijijJlj l fjj\ —ucxlt 
C.iZ*z j. S^SLII .0 ^y-A ^,3.4^1 



JLtlf *j<u*£ 


( 7 S) 



Before 


After 


P33.ll JSLuJi 

(J\ 1AU 'j\ m <U jlj-i (^£- /J-djSfcJ tJllo — 33 

dn <a , juj L_4Jl_Lc .3.0kg l—4 ^JLA 4 1 ~ £ 

1 .0<3L*_u>3 ^Jx {jj£j LxoSl <_txlj3 

jj-y >*j -ubj^' j>^-° <>• m 

(^,-3 jJ! _aJI ^.j—c .0.75 rad/s 4-jjij 

ji j _2_* 3.0kg.m 2 c-tJUadi 

. Cxlj 

^J) L^ai 4.4-l<i-w j-^-i j^/CjbSvi \ <— JLioJI ^4-ud 
t_/ 1 iL>.j (a) (jijjjd! jj-st* dy 5 0.30m 

4_bLLd (...h,m ,>-l (b) <—JLLdJ 4jjljJ! 4 xj— i^Jl 

Juljj JjlS t-JUail 4^j_>Jl 


50.0cm4j^L3 100kg <g££ xx^ ' 

OjIj jj_jx_4 Jj-^ i£$Xlu-« ^ jjOj 

4J j-44 ->-Vl ^uJlC. Of 

^iHaLus 30.Og 14 ^ i 4 <J£ cJ^ (>uj^>. 

(jjj 1 4 .^iSLeJ O-ljxlJ (—x IJlA 

CxJ 1—4 4 ia_>J .^jljxxsl udl£L >3 

^j _4 10 . 0 cm 4 —jat j-tf 4 ^ix >J 1 

4 Xj-JiiJ Jjj Jj L$]£ 4 — 4 J In } I, l J 3-^>0 ^y-uL^* 

^4 i.<> 3 L^c— 3 j 20 . 0 rad/s 4 ^alj 

t—to—,ua_all ^ J7 3 j-Ld j_^tJ l_aJj-iLii 4 _£j_>JLj 

^3 4 — 4 J u 411 4 _Jji^Ji AX^— mil (a) < AJLM. >>i 

cPd'—«4 OHb—^ Jj—“>J 

‘ ua_211 4_ C-j Mill (b) i_La—L^_all 


34 


X £ ya (jljjj->J1 oJiJj-jl 


5X^X1 o t_—.9.1 ,6.0rad/s AjjljJI 

jyjx—A <jj£j 1-4. Xlr. 4 jj1jJ1 

4 Urt i i _ y 3 yy* (b)j 4ij£3l j^j-a ^ j^4J (a) 

4J3 L>Ji iyU 4isL_uJU t h u-Tt'iA 


. X i,c. c 


—A 0.40kg 4 7 Ul< ^o- 


31 


30 


ijLii 


^—<—4 100 .cm 

(^£- jJwA-J In 4 .lUj .0.10kg 1_^ 1 Vi 

4——j_a_j 4 4 v X r 4_j_S_Sl Sji 1^x4 

4^j—>J 1 4 j 4 .£ t .4 ^.>.1.4.0 rad/s 4^13 

4 rtlit 4 q^3 [ 4. Xir. ^wlla-ill 

jJlC. eJk (^Lc. ^j>j) 4 r .Ojj >■ 4 

3. xl^Ui 4 r (b)j 50cm 

.0.0cm ^jjjCLil j-i c 

£_5 4_^.l > oLcL^JI (jyij 4 c — 31 

1 4 (jU j-jlJI ^ 3-4J1 

j 60.0kg 1 4 a 5j 4.50 m j 2.70m 

4 — J 4— ^ <—UC*J >-l . L—C - Uj ill 100kg 

^ y~>- ujjl 4 >11 ^JL^j 4-d^l 4 _jjIjJI 4-£j_^JI 

1 —gji 4—jjxl c. . J>—£jJU 4-LaJaj 

. 4jlx 2j j 4-b^la ^jL_ux9 

15.11 

j^-St-4 Jjp- JJ*-Xj Ij Lajji^ 4 ^X. 4jIj1a <Alt —32 

. C0| 4-J^lj 4Xj..taJ LfJl^Lv5?l ^4J JlX ^J^u. 

. I 2 (jpl-* JJ ^ ^j-C, L$1 4__uIj 4jI 

^3J-^ CaJa 2 i-U ‘Jj4^ 4ji J lit (jyBj 

Xxj-WjJJ (P33.1 1) HI (jyljVl 4 j1 y 1^> iU^!\ 

^jLiuVl J- 40 J (JdjIjJoj-uVl (Ja_> ciJISLj_ 

c i i a ->»1 {a) (Dj: 4jj!jJ! 4 ^X 2 44 JI ^u-aj 

<■> / 1 ^xUqjlD 4^2->d^ 4 ^LLj (b) COj 

^ru 4 J, , aitll c-cm-^jj J—oLHil IjL^J 4 •>■ J "i > 

jjijjjdl 4_J9lia ^JJ 4—(jijjjdi 4— 3 U 0 

.k^lSuVi 






♦ 4LaL>«Jl £ jr lc. ~u I —Ln •*• Sm 125 £y* 

4_ujL_3tj j ..t Taj ^LLJi J-*—>• 4lx>2U 

1_ojuLc (P40.ll) lg UjIjl-^ ^ 

Ju^L ^L-4-J-Jw! JJ l<~l ->J i"i 100 

La . 4 jj \jl I 4-C,^...i,.nJ I Cj^—j -xj 4 In_>L 1 

J^L. mi L^J } ♦ i~ii l 41^.11 jl Jl3x 

JjJ 4l~i 5 j! (_>^j_3_at S3_al_>JI i_ij_a 

.65.0kg 



(Ajjljjtfl iSLytLuJjij L^piS-di - JjYUJaJQ 

WEB 

4_aL>. j^lc. (■ aa~i 60.0kg L^jjj stj—aj 137 | 35 

500 (_yjl jJI Jjj isi 4 ^-C. jljJ o^j-^ 

(jL^ (joj—iii .2.0m ajLl ca.^iij kg.m 2 

jJJL_J ^)^Li-u 4 j 1 wL-uJl 

j-OJ A- C. jjrra J^_>. 

4 bI—J j—>• SljJtl OIJlj j 

1—4 5 ) 4-cLfatJi «—ij\ ^ r aU>ul tJJ 3 ( _y3^_2Jl 

“ * 

4Jul_j 4_jjlj <Lx.j>. a.u ) (^LLjJI 

dUJil Ja (a) 4 11 a,;IL) 1.50m/s 

La (b) jjJLx-l-u 4_j^Jj 4_c^_*_u ^Lsj 

Jjk_>o (^,^-1 3ljJH 4 JJl_u ^jJl jl, i <? 4 


M4^L< L-tuat LJi ^J_a t_< ^ 4 I 39 I 36 

<—t-i i^JL Jjuax^i^LaiLa 4 j<7 4l 3 JluxLo 


(P39.ll (J£/ij) 4l 4 ^ a 4 "i 1~ £ 4 J^L> 

O-alL I 4 _Bj_L ^JLl t- m 1 'n a tij 


t^h 4^1 tr> i all 4jjl j —a Yt\ l g ~.L 5 4 -JLUd 
C^jL-oL5 ‘U4-c.^.aau <, < ji>* <7,11 (jr i£. 4 jJ^ a r.j 


P40.ll JSLSJ1 

—i-oj 3.0xl0 13 kg 4 il~ 5 L^j-_u ^yzj-Ju - 38 
^jVl yS ji 4 1 ii. ;1L 30.0km/s 4_c 

J-A La .jjIojVL ^JlL-i^!j 

Ijl^] 4_jr. k .1i 4j^t^Jt 4_C.J_uail 

• ^jLuslxJI 

j 4i ^.7.11 ^04 

4LJjt IL 4 SS 2U$(JJ! 

jjju 3jjJ Bohr — 39 

(. jl j— a (jjj—liSLiVi 

{jl ill 0.529x10 ^ m 

Qjj "<LI>U 4jjI JlXI 4_£^__>J1 4 .l a 5 

4jjIjJ»I 4_c.j-iJI (a) c-iia ^1 h! 2jx ^jLiuj 

(c)j 4 £j^>JI 4 ^LL (b) ^j^pS 25 U 

4^_>J 4jjl^JI 4^1^-tijl 


4 1 a ^ jl.V a aLa (a) 4 i 4 dJ->»_5j t ; < aSJU 
Ls (b) L*_a 4 iill^llj (^ 1 4jjt^Ji 

jJa.£ ^ jJl 4^_>Jl 4 _bLL qjh ^j_>JI jl Ji. a.A 
. a jLualll! 4^st_pj 



^3LJI ^.yjc.^ 100m < h i 

^j^SLa L^j .1 .5.00x10 s kg.m 2 








iC£l) 


t Ajlojj 100kg 4jjj ^ laa Lo _31 _9 — 42 

4 c.j— uj-i _ >-\ (jjj jj 5.50nh>jl*6> 

a c ^ a (Jj—2.5rev/s <ujlj 
P46.11 ^,-s 1 — 4 —^ ^ 

i-tillyi 4—*_:>oyU 4_jJ_i. .ill ^Ub_> J_:wy. 

A jJ-C jyy-Aj .^yay 2.11 4jal^JI 4-^1^.,<»11 

. 4_IuLj JJoj 4jj!^J 1 4_Xy_>Jl (jt ^yja jJiLail 
1.2 kgb&jl. i 2 a 4 ll X i j a JLj i y&yJa]\ 1 a I u 
£jl_>Ji CjiJu jXyA 

4ji£2l lil^) _5C_A 

0-^3 Cr^ (_ yzy2A\ jSj-4 JlIc I CjIJlJ 

4__cj^-ixij jjL^Ji j^Tyj o t=0 

-V c^j —ali 4 —j—ujJJL 1.25cm/s 4 _jl>1j 
/= 440S i3jJ>-4 ^^yij JlX£- i-Jiylrvll CaL- 3J 
.dlic, ^1 ^Lj^SLJIj ^ 4__SJ>HI 4_Hi]lj 
j-jLX 4_Lu_uly l $j 4 uJI ^Ib 
( _ jr £ 1.^ (JlaJ (±i-x-5tj B 4lad ill JuC. 

jjIXIIj . 4. HjIj j UrtH t 1 t <?L_>ol 

(a) atSJl ^ b ^3 1 jl-Jl 

<]yayll 4JijX ^ jIjlLa t-uu^l 

(b) ^ljbj 4 \"i $111 1—«jJ_u jyjyli <U jjjj (j; jJI 

6^3 obj-^' fj— ic jlj—A_-a C-^U -v l 

4—aJylU 4 .llX !1 ^jl ^J-j —3 /=440 s 

^yil SjJuill Jl_>»j! (c) 5^_^L_l_a L^Jb^yjK 

Jl_^j1 (d) <jr* 4JI-S-^ jj-jyU L^J.'l -0 

4_ajj_x-I,l 4i~X.Il (Jj -fc^>J JJ-3 BjjJall jIjlJLa 

JUAJI c_xx^->»l (e) jj^y>Jtl 4 _jL^J 
Jj^dl V ,^l (f) 0^1 cr^ 

440s 4_$^_>JI Sy-j.a J31—>* 4 tr> 

<!r>y>Jl 4JtXi-ul^j {Jji\ jJtl (J * * a ! 1 ^>*jl (g) 

(h) 4 _aI^iJL1 4 J 1 XJJ 

o£X\ ^LtxUl ^ Jjj-ill J&1\ Jk^ii 

. 4-ilyLll 4i ~ XJlj i y^>jJah\ 


-:AJkPtibj JlUuo 

^ <1 x ^ ts~\ a 1 ,11 '/~s a * 4 , «~v ^11 4J i • “ a ■” 40 

(jr 3i i eS 4jj 1 , m~t A jJjiX 3 4_j c.* L.U.A 4U ^ A 

obj^^ aJIj (P44.11) 


A C ^jjJ-aI cr^b [£_ $"* — 

JljS^ 'P 4 lr>II11 yAJ t—> j-ib Ji J1 

/—0 /ysj JuLc. ^j^ fL cu i l 4jl_>- ^ya 4£3->Jl Iju 
—C. (a) J—>-jl d, ftl^j\j — a —A 1 i A If. ijj 
jXjwA (J^->- ^'lV< U jJI jj rtll 
jlI^ . ^LtbLll ubj*^^ (b) 

r=0 jLbii f UiJJ ljjl>Jl 4i r ill (c) t=0 

JuC. 3 4-LXJi 4__JLa_p*J1 4i_3e_»Jl {d) 

4XhkJI aauj ^Vi jl^ji (e) t^o^jJi 

4^1jJI 4_C.J_L^iJj ^Vi a-^Ji (f) f UiJii 

Cr L:Vl J^kII (g) tyyba-iii L^-Jj J^j ^yJ! 
4_^.^j—i_iJl (h) j*UcLtU 4 jjI^JI 4Xy>Jl 4_yXJ 
. (2 )^j3j 4±XJ! l^d! ^yt^xaJ! 

' h' 

* m I „ 


2d 


h 


rLtj 


9 f 

H * 


P44.ll JS^JI 

4 . aIHTi i A 4_J_A- 


4.1^1-4a ^Lx.y ^ 1">4 jJl ,i «JI C. 

dX >_>u * Ry X 0j1cl£ < kis\) 


2^-41 

L-cbj 


t_f jj_a_*J! 0 2jjlj_j (jjSLtuJ! (jjo 5^j_SU! 

(_JSL^u i3X>^ Oj- 5 ^ Jl».?j 

S^SU ijjljJI 4_^c > _^JI (P45.ll) 

LaJiJUl 



P45.ll JSA1I 



ISu-aUuctffj ISLuiSuil - ?.b>-ui!l 


^jl^I Jl ic i—tJijii, 1 4 x.^_uj i ~o I 

4JL-c^. 54.0km/s 4 J jji^\ 

S^j.u.4 <«JI 3“ 4 U rt > JLJLjl JUT. 1—4 jJr. 

^jpAi^uJl U-UJl^U 4_j_4^ 

Ur^ 1 (jljj.* 3d y 4jo^jirt-4 

fj. ii<u<."»H L$J 33 ^ZiJi 4_ujL>JI .u^JjJLl 
. \jjUud ^jL-uJ fj£. L$J .C-U 411 (Jr^ 1 

4l ■> c. ^\c. jJjJj F 4— j _ o—Sl 4 ,-ujIj _3 — 45 

^ Ju_> "i i U~1 ^3Lj>-U-_>3^ Oj. ^ -f- ^ 4_J_J i^Lljuu t 

IMi (P49.11) ^ US u^jVl 4 j^ 

< 4" ^ i^ aj 4 ^lalujq 5L>-jJ,l oJlA CUjL£ 

3Lj>. jJU duL^ I Jl . M 1 g J h ‘S j R bi>j_b-3 

lAJ -er^ 1 3V>^ OJ-* 

_coj 4-La £S\ 3 —a J J.r 4.1 .->■—*Ji ( 3)3 

ail£a_^3U J*l_*_* J^i (b) 2F/3M 

F/3mg 3 V 3 JVI j_U -JaJI 

4_j— cu-iiLs (jljjjJI ^3-r: j_j_ILx.I : 4 I 0 j—scJLa^ 

.(ifcSJl 3^1 



P49.ll JSL2JI 


c l idoLo 4-AJ tLlv J4 (1J (\ -*■ 3^-^ ~ 46 

3 ^ 4iaLj_L^ 4_i_4ji^ _L>. 1 jb^ 

L^-Ub-^ (P50.ll) JLi 

. dlljw_^ M 4 "1~ £ jj— 2 JLG 3 j gt-il ^Liil 

(jr^ fj\ Jjl>- 

3 j ^Uaiil 31 bj j ~ r ■ 13j ( 3 ) 1 

f3^ J^b 3>^b 4 ^ Cv 5 

^l,.i l ><>L (b)3^ibJI jj) ^4 a Jr. 3b_S^^ 
4^l3il 4^j->Jt 4 _u4^ ( 3 ) 3 -^ 4j?r ju11 



P46.ll JSL3JI 

4 ^ lVL,i A 3_5->- 4—^3 J La *1^4 {"47 | 43 

_ill ^ • M 4 ..'j l~i 4j /? 

(jj^LiJl Ljjot* wij->J \ (j^SLioJi 

(P47.1 l),JSLiji Cdli a a.j i>> a —a 

cub 3 ^b«_aj cb 1 •><J1 ^ /nil (^ 3 ) 3 I 

yStj—A juc 4JLt_*Jt jl-i Zl.a (b) 3jj 

4 J 1 SJI 3 ^>>c (c) _9 2g/3 ^ ^Ji 

. (j-£»^— aJI ibu _ 4_j 1 _aOJulr. (4g/l/3)^ tjr A 

i—<a-t. V .4 ui.fl (c) >.] (_yb- 3 -A>J 

.<bUJI £i a 



P47.ll JW! 


^ H 3 j_^ jjcu (j3L^ 4-^41! 

3 ° *3 3 SL 0 , (jyb- 

0.590AU 3 jl < ill 4_^1 m a jj_r itJi 
35.0 AU 0 <.^JI jA- 5 ^ ^bai^o j laj 3 
,j3y^ • 3V ^-i-ui.1 t b l tl£ Jl A— J->• b Au) 


44 




j <Lyw I AS>r*JI *_j* t *' \£ ^i^aU 


CfD 


4U 4 . 4 £yA L —ml^J (J)l* .,A^ (J ^ i n 4JL- ^5 
3^3 4 jlr Op I 3L^a «4£jid jJn 4jpb <CjIj 
Ujlj La 4_* — d ^ If. 4_j o_3l 

jSp o? o^j-i a (a) {(14.7i)N} 

4,1:* c. Jl>.j1 . i^j. 4_J-du-uil 4 j 1 $<11 ^lf 
^pj| 4—i-fl 4Vi 2j_2Jhj tyj 311 4_L5 
pp 3jJi]| (jI ^pipj&l (b) 41 1<~\ rtlt L^J^J^J 
dju5> 41 .ce f. < AjLjua 211 <-3^aJU a Cr^ 

(c) ^ 3 4^1 4_L^n Jill t 4 Jijj 4_L3_ij| 
41aaaX1 q\ cu-ls*lj <l*JsjJ! 3_p pJ j (ji pL-s 
OJulfc) ^3 *4^fl oLpVl uLj L$J 

.^JuuaJl ^5ya ^a-lm! 4_La_3Jj 1 

jJjJj £-3-1 Oj-& 0_>L£ La 4_Ia_>J ^9 - 

(jl tS_1>I ljy^-2 ! JcJLx* (_^-L Llij O^pl (J-oAj 

4_5pjv 4 _!sLLs ^jLj 4_5j-j>. 4_^L1o 

JLu Dq^ojL LUs. LpL3Iui 

4 —C-j—lm pLa_i Dj.j i <tU 4-y — »_u_L!Lj 4in£.11 
^Jj 4_j u4t ilL 3pUl ^_Li_y p_c. 41^3 > <pLi 
* v CM^r 413SUI ^ppa 

<4.^11 dL>ul (jyS eiJj nr ~n m4.3h 5 i—SjJl a-A ■ 

^aJLuol .(P54.1 la J£Ll) d -4 _cj. ^ 

c-i-j—Ja_ 2 LpL> LijJi _311 

pa J)1 t aj d 4_ipoj M all 4 ~-L5.4_> 

(P54. 1 lb)jj£Lu JJl C . ^yLal jy. 36-4 

juu 4 - 4 j) Isi 4 I! 4 jjIjJI 4 _^j__i_uJl ->.1 (a) 

ij-a 3 4 11 (b) 3^-tIuLyo ^xjLuajJI 

. joL^j-U 4 j^l_Ju 4 j&x jL-ii,l 4^LLJI 


49 


50 


(a) 


OW d 


(b) 


4_£j— c.j uoj . S^SLII jj -> 4 4 j K \ I 

.j^U ^J tsij 



P50.ll JSLUt 

v Lifc^-Lf Ljju^jj ^ 1 ^ ~il~i ^ d ~ ^ ^ ^ 3 ^—^ — 47 

jLloJ. 1 ji UJ-* £J-^ A 

3j_5LJI cjIjlj . (P51.11) i~i (jyJs j_ju3^_U 

(j-a h ^LojjI (jr Lc coL5j (j^LJI 4JLw ^ys 

^jl5I La^Ls 4, a ts\ t (_^ll 4 3l>Jl 

/z^Lijjl jL.3.4 La (a) r ^j-4 ^ j & 
dJuuc ^^y 0 ^—jJ (ji 2-j5LU (RdJVju) 

La (b)S3^yljJI (J-a^J ^jl ml 

IjI P 4L4ill jo£. 3^>£l!l ^-iiT- oLj^j_^i 



P54.ll JSLilt 


P51.ll JSuSJ! 

1.24m4jyj 0.63kg ^ c-^a - 48 



(4bj|jjfclt ISUtUuJjij ISLulSLdl - 



(b)3^_tH/t t ft J_UuuJI (J JUZl (jt 

4i_}Li jl5ujl 4 Lkm 4j <_<-}.t 's\ ftfl (jl ft > 

4ii£ uyc- - pU juA I 4JLjL^» 

. ftj-iliLft i ulLi j*.ilajuaj <jl < ■ ^ unal l 



U- 4 O 


.Lit 


59 54 


; 4j l * jU JS(P59.11) 
10.0m4jjJtS J i SC J 1 4 ^<4 I »> (j^ "i ft 


if. 1 «>> ft II (jVjjj-*-* 1 ft A J 4 i»^ ^ 4 lll^ j 
1 - <; g 1 4 i~ < C 11 J- 5 j -ft Jj->- 


ftl t^iftjf ^Ja!j 4XoLjuftj (s) 5.0m/s 4^.^-t-t u 

4_5J_3df 4 ji, X ft ft j.iiU 3-1 .(jLft t<L y £ 

J_3-5 .4_ftjk ill (jlj^J ^—^Lo (b) 

L<a^Lu 4 jsUo1I (Jj—>JI jluuj jljIjJI 

4_5j—>JI 4 ^ ft ^ jlj. jft La (c) tlrtft 4 5.0m 
Lft (d) SiJUJi ft JUfe ^,3 4—ft^LialJ 4j^ljJ! 

Lft (c) Sft Jj J_>Ji t L>i ft H ^ Jaij 4 £-j^ (^r& 

(f) S4_^ftjiaJLftJU 3 jjj_j>J 1 jjljjjJi 4_sLL> 1jt a> 
^JljI J 4Jft-LU I^J (Jg JuoX I J * <~ill -l .3 . .ft 1—4 
j-_ji_j Lft-^Jt jj 4^1^11 j j 1^1 2 j tLu3-.il I 

. J^>JI 


(P 11,59) J£A 4 ^ i ll - 55 

d4JjL jJ_i_3cj jjl^Loi-ftj M 1 a a 4Jill 1 5 

. tl is~i ftfl (j^?jj_a^ft 1 ft *»j . 4 lft ^ ft 4 ~l~5j 
l ft . 4 ] 4 li ^ 1 i j_£>-* J>->. ubj^Mi 

3-i (jL t a tt tLiajdl 4ift U .4J.lj 

4-3LL (b) 4jjljJi 45J^J1 4jft< jl, La. a ( 3 ) 

(jSLftJ (Jj_^>J 1 J_L» JUC. .4—ft j) tVr ft If (jlj>jjJt 

l.ft.^_ i-i) 4UI <ull j-s-uaJZu jyft jlj^JI Jl_>-I 

SftJuJu>Jl 4j5ijJI jljuU La (c) d/2 ^j-uajJ 
3juJU>Jl tUta-ftJI 4_£j_Ltf Lft (d) 

^LUlL! 3 jljJu>JI objjJ' *^113 Us (c) 
jilj 4 UiuJ jjULI JJLuJI jljuLft U (f) 

Jl ^_ r S tl 1 


i U3 ^>3 ^-4J 3 ^ 4_L_ft m4JLU j 55 [ 51 

(P55.11 )J<.„ ^3 41 ^jLLft! ^Ld ^3 i s~ > 

151 4 -C-j i *u jJJU 4 j1jl—J l CxjL^ 4h ^f 1 

LU j .v .«->. r- L.a t 4 j! j— ft 

t a iftu Ji—ui {^y» {Jj—. x L 6i_>. 

4ii£LIl 4_gj_i_u La ( 3 ) a* (jyJJ 3 j_jI jJI ^JLs 

S r jlj-II j -Ll 3 i ^ ^ 1 (jj) ^j L>aJU—g 

r 4jljw^ Jj-jkJI J-^dl y <<> (b) 

4.1~< < v fl ciL^jt_d J til (jLuili jljLft-ft Lft (c) 

(_ ;r L C. i. ^Ju_iJI (jl ] r (jjlfj (j-ft 
^j_ft {JLI 4 jjjljlII ftfi Juwji (d) (r jl>x3x 

m=50.0g j r=0.10m 1_ajo^ W, T,V 

Upl.5m/s j rj=0.30m j 





P55.ll JSLSJ1 


Cij Lfj (—jj (jjj 3j—^ (J-lLl uxV “ 52 

cjjUI . UjLuft ^ j 3~ i ft a dU- jijuj 

Jj) jc_u (jl (J_j_ 3 4j j t ft 4-BLUL (Jij~u 3^5JI 


U .(jVjii (jjj (^1 Lp^-jw 

.ftUii SLbLULI ^ju4> jl.v 3 ft 

L^jjJl3 I ^4 j ft 11J CjjU-JLftfi 1 ft ft,.v V 

.oljLl3-VI c dl*i! cjIj^LLIj l^lft JLf 


^_ft M 4..lil.5J fl 4Jj^L (. i t t^i 4 ~ 53 


^V\iu (_y-L j ft ~i i ii i ^ylft < uJi 4^^L^ L Jj) ,ft r 


^Lft. iii.j (_ 7 5J ijt is\ ftfl 4jJji .(jjiLol (^y-ft-sl 
(Jj^3 4j 4iU]f j £> j-a 4 -C.j-i-u (jig. {3) 4jj_stJ 






F 



P63.ll JSLUI 


4 XLj-lmJ jlj. sTi i ifU jjJu ^logi4 O^ft i/>4 58 

j-A 1 <i‘nl . aj^jM j^sk-a Jj^v (l)- 4ujl j 

t^2-H\ ^ 1 ^tjj ^ Lc. £-ju»j <4_Cj_uJ! oJ. L^J jj Ju 

(a) (P64.11) JSLd 

Ii-->-l (jl i^^4J 4j^l3-^ 4—C.^_^t.qJ1 1—4 

jj) A dU j1jJL 4 c-u-i^uvt (b) 

u^£- £-u»J 0^ ‘^ Q 4^-^JI 4^ Lis f^ya 
Ju>> ) 4_L>^UfcLo . £^_>-Ju_l I Ju j! ^jj 

(aj^ji j>»- ubj^ 1 ' jb^y' 




CM 


rf 




P59.ll JSLIK 

2 Ct 4 *L>> <Jj_Ls C_t_i!u->Ji /j-4 CmtSLA j-t*^ A — 56 

Jjljw . a. .3 < £_Laj_« ^j) M 4uJCl£J 

(P61.11) JSLi Afijjjt-4 (J^>* jj ju i f «*C U 

^.lc. V ^ j g ~ r.'j , „ jj in i ^ ~1*< ^ 4 3l L\ t -, ^ I L-> 1 

^L-4_jj 1 i _ y in. ABCD 4_>.^ii (J-^LJLU 4_>.jJi 

♦ u^jl^JU 4 a 1 In II Ci-ual_ C. .4cx/3 

^SLi 4_4J>U( V4^^_i_uil jt. U4 JjSl <WJULJU->»1 

l j r lx. JLa_3_ui_i <i«_j_2t_» l_ajlSLU i * 1 a i j 

m«M q\ .ABCD 4 ^^]) 



P64.ll JSLUi 

R cJlla! 1-/ «iin 4 L>^J ~3 1 (651 59 
JjAJ JJ) TT 4 (0 4»_Cj _tjj 1 j < <i It 

JUu £-usj ifijSjjAJ 
4—fl-jl jlm1\ 4jL_cui! (jrS 1 4 5 dlj. cr. 3j 

J-aL^ of . (R11.64) 

jJb ^A 4^1 ^y=>J^l\ Q\A LjJK~.."wVl 

1 4_3^_*_Ii_i_aJ (__£jJt ^ 43 !^ o! L^V (4) P" 
Cf?) 4_ j— o^j —>.JLj 4— S,j —» ^1 J-t-aj ( _ r ^J 



P61.ll JSLUI 


/? <. a is\ >j M dli^u 4_4i 163 j 57 

F3^_^ —,cr *t—l —a tlLL.it 11 t- i.'x—iu 


jt r. 4 ^ 1 II {j! IJ t^oj—£ i3j (P36.11 )(J^ *■** 

JJ3Jj^j 4 4 lrt*ii 4 j 4"< 4^4 4jI 

^jij 4F/3M 4 h <r 1 1 4_Lac-c. (a) 

^jL-ujj ^L>oi ^a tiJiSJi-'vVI 33 ^ (b) 

^4 4j1^Iq 1 tiVl dilJu Ijl (c) F/3 jijuil ^ 

^3^3-31 (jji ^j j5v m Jt 

J — 9 lj^3 (j! J —*_> 1 ^ U-L £ - 4 4— C-J.-LM 

Sd U»jJ^ 43 Lu jlA iZj. 


UjJtflj ISLrilSLtl - 


£jl i/U JjVj-li Jl>-jjV 
lLH^*!. ~>»V1 3j a 1_ a (b) (jOj(j_Laj-uVl 



P67.il J&Ul 

t.u> *> a 4f ^ U i u 4-C.^uaj-o i‘ 11 < u 4_i! — 62 
ulLJI jlul (P 68 . 11 ) JSLi <> 

CiVjl tt a Ji . P I 4 U* i , yj.c. 4 iilll 
4 <i ill (jJlx. 4_oJLZl!I Cj^Jl 3J_ua_iLa 

dL^»o! jjuv .5j_3. ^^JLc- J£ F 4 , F 3 , F 2 , F] 

i4_ttlll |>JUC ^- j> ->-.I.Ti (_^jj| oJlA (J^ 

• P F 2 SjJjJI lLx>> (jt 2k>.V 



^ (pit SisLJ.! j! jjj'(b) Rooi/3ng 

(_^jLuu 4_^».j^.juJ! 4^_>JI Ijj (JjlS 

. R 2 (Oj 2 / 18 (Ug 

M 4 "il~( 5 j 2 a 4 _jlLl 1 o jJjL* o-a »«-"> ^ — 60 

V 4—alriLI a 4 _Cj> — ujj ( jjiLo? j* la i.ii ^ic ^jJjJj 

^jjLu ^jlIs-jusI (P. 11 . 66 .a) j_a 

l-3j SC \) 4 i t-Tv. L<^4 t3, \ isi tU 4 jL$_5 1j7 3 j j* tsy 

j^ji (P. 11 . 66 .b) rJl cA-^-o j_& i- 4 .^ 

i^utSLll (/\ J V 4-Cj. 44,0 jia-3_^3 Jal 

-C 3 I JojvV 3J- urt'j, U 3 -^* 4 ^ a “^—‘- tt ^ 

J- 4 J JJ— 5 e _a <Jj_>. i j. ^IjJI jj—ua_Ji]l 

: 4 loj crlx j 8 Ma 2 /3 ^jl—> 4 ij *L_alj_j>- JljvLj 

( 4 ^UJi JuLc. jj-^ 3 LoLuoj £-Luaj < —xJtSLlJ 



in 11 1 


P68.ll JSA1I 

<■ a t*r\ i l—(P68.1 l)^u-ujJt iJ7 _S cilL-uJl 4_flj — 63 

/? (_^>jl->• j U a <. a )j t j U a 

(jr 3_aVij 3j3jli 3j__3JI ^ju 6 

(3^j-uV 4 j>-j^J1 4jj! jJ! 31 O'V * j^-*~ 

4J^Laju ij (.iLLcuil 4_3j I&jJlC. 


cos 6 C = 


P66.ll 

^ol (_u3 M 4q 1"A HI <—4 (~1 , ^j_i — 

(jCLa_4—U3—43 (Jp-t' J-k* *-J ^-Ul 43 6.0kg 

i? — 5 . 0 cm i^^i 43 j Ua < ^ i 
.(P67.11) m =2kg 1 <i $\a 4JlLl£j 

4 j 3 3j_a 4 tr^ t jj L uJli 3>JI ^jJ > < «j 
£jJ 4_jl—^J l^. j-jjj f =6.ON LajI j—3 —<3 

tjujjj jj_5t—4 4_ijj.,43 r.j u<» -xJl 

VwCu LaAj) 

LiU J-^ . Jo-4-U-jJ_fi 7f U <</ J»Vj_}| (JJ3 





AS(4 o .»Sj XuJl tjftiC 


(2) 


4JLjJL>Jl £Jufc i u\ . MI(M+2,f7l) (J^alxJI 

S^SLJI (jl _ j} 4_.j5v_u 1_<5 _Lj^L!( cjVjI _*JLIj 

Ax jl jJLa-j 4_j^jdl 

/Vx= < Am W sing \ V 

V M + 2mAcos 2 0/ g 

Cjy I*Ji 4_ulwCLsVl 4_Cj_*_*JI ( j r -ik'Uyj Cii >. 

(c)4-^_*JLi tiJj—ujJI rya L^J CX-kl£.f 

4-^ULo djiil I 3 »Urtt (Jj}\ d 4 ^L_uI! (j\ (jyj 

JjUI ( <dl 4_>d Ax t a I 1 C. 

_ 2i) >tJ 2 sin 6 
g cos 2 9 



1L 


P70.ll JSLUt 



J^_C Jai. 4_>-j. ->,11 4jjljJt JLul 4-ta^jeJU 

.(■yiiisVl ^a (_pta^loJI SJaiLu jxj 3j2JI 

^ ^ -» ^ >■j * 11 i—ijl •»- * tl ., L .->. I - 64 1 

1 jia <_ fl j . 9 t Qj’l'f f. olj 4 jjjl t~<a,Li&j-ml 
r nj j j 1 d~ ^Jt> I a mj (_yicf 1 _i<..f j 2j^ 
3_jSJ! CijJb Jlj3_j si-sol (_y3 4_3 jIj 

4jlSjjs l.a jl 4 jja 11_2 Sj£Lli jV 4—ijjtil 

4jjjtll (jf (_ps.jj.flj jVI .3jj>.tj 4j 2,4l 4 x.joji 

(^ La£ (_ r fl^Vl jjj 0 4jjlj i/ij j Jutia (_ r i^. 

MiU^UJ (P70.1 l)J$ji, 

mR"/2 (juiscjtil (j^s (_JSLI (_pli jj »^a fO-^j 

,_js 1 jj3 Lj j aal U. 1 1 <U.A^ t t . ^ ^IjlscjjjIj (cl) 
jjl ■x-.-Aj 4jj_*JI (j \.j dilK~ -vl j»j 


4J$jj>JI j! (jlsIjJLaLj (oljjjJI 
JjU.1 ^1~ii rill (_yi^ ijjJi 4jLstC jl (ju 


a. = 


M 


_3 

M + 2m) 


g sin 9 


^Zt-Jl SjfiJI 4_lrsc—*J X 4—(j I (1-13-V (b) 

x 4^jJli cpj g sin 6 ^ 

jLk 2xu S^SLII 4l?r f. 3^0 jji>| 4_ij_*Jl 41 ■> tl 


ANSWERS TO QUICK QUIZZES :A£j^hiII Ol^lua.21 KiUI 


jjJuu-oU 4jj|juU^ft <£llo (2.11) 


4_fi^jw 4^ U. L^-La 0 “^ ^ 

4_filk t >0 4_kj>J (^1 J—lC. i 4_ 

qjz (33^ 1 4_JI_SjjV! 

* 4j>-j->» Juil 3jklj 4^j_oJ I 4^lk 

H Ca ik til \j. at^> 3^** (3.11) 

!^uj£\jU-A ^Ij i u P ^ F 5^XlL*_-q 

4 J 3 I 3 JI c <iyj £-a antiparallel 

^=0 6 il . j<ii^ 1_ 4 ^ / t \ 


^^ylJI 4_^_3tl] 1,1 •%. 41 j I A 4_jO^Li_^J X—(1.11) 
SjkJ 4__>JI 4_^Ua { j-a (JLSj 3)i 

^ylr. i 4 _>.^j>-J l 1>3 

XJlSk-V! ^d lit) 3j£dl {j\j 

Jlj>.jj ♦ (jp 3 ^ iU 5^£lltj Id 

edu^. * -ll l 2 lt~>) £^L2tk_L^il 4jini’l 4_^_JV 

v v <»Uj:ti iiiKi. ^.vi 0 ^! (j>^j^di 

Lill^Lli <d^—gdl 4 ajI 2 a) k ^Jl ij 

Jjual^JI t~u J, j t ll 

*(5^111 4^J^V. L 44 JI 





> 11 4 -C-j—LM <jf gall 

. 4j_>Ij 

iJ7 _iIi^u l—4.1 if. ^—*—uj Jj_ ±j c-JLLail (5.11) 

. La^^a ^Jl 3juaxlXt 4^L>. 

4 aac j ^all 4-£^_>Jl ^liz. 4 jJ>j a r l^jj ^ (6,11) 
JjUjV 4__u jLr>J! 3jJ} >4!.->• ill (4 aAjuAall) 
cjV.L>JI ^ju^J 0jubj , ^LiLw 
4_uljj_i 4$^>. 


(3u>bflfcU isLuiJujjij iSujJSuii- jiVuj^ro 

*j—Hi ^ . Ua->* (b) ^ (a) (>» (4.11) 

I jj 1 j a„ i s> \ -LM-i ^j! <j-4 0^4 

jJM—>• 3j—<aJl 4-l*-a_3t —a J< f, Jco» j_ a 

—c, <LL-a _at_a cl)5^y JutJt-Lc 1 4.1r> a t, \ I 

4ia_dJjl 0 J—£J 2 t—4 (Jj) >- 

4 4 j|j J * ur > ^jLj 

41^ ct.a ^ 5 ! Ca-WJ . Ij-iLuD .4 ni'i 
* 

< 1 ^ ft t 4 AL.,} d^—<lJI 


r-^cPJ* 





3j—3-1 j IIla 

,4-jjLJiJI oLJli CyA 

ij ^y^-Lji£Li —a ^Ukxil Jl-j->- ^Jii —c 

4_uiL>«JI 4_if Lc£ 

o&i (>» ui^ 

4.1 3j _«a 03^ ^Ltj ~ a 

* 

u ij litll 4 j 1 ^ III J^Ja 

1_ *jl 1_< 3 . J^jL^kJI 1 ^ 1 1 r. 

4-^0^!^ i a tjJl 

Ijufc jJlLa ^yj! ^ u aj ^ 


-MjhjX Ml- -ytjij wi 

Static Equilibrium and Elasticity 


tjtj i ■ iVtJaj^ —ui 1.12 

The Conditions for Equilibrium 

J5- Xnj-SjA&e JL_jp 2.12 

More on the Center of Gravty 



(jjjtJiV! 3 Jl4Lv j»luL>.V Alla) 3.12 

^SLolILuVI 

Examples of Rigid Objects in Static 
Equilibrium 

SjLaUJI j>l m-v>U2l3j J _tl oaSj-*- 4.12 
Elastic Properties of Solids 


jLst (y&ty 

12 


I JL& ^)<in <i j 


is^LboJij isaiisui-jjvi^t) 9.u 


} ^y_Ji ^Lu^Vi 3ju^ 1_><JI ^Lt-orw^fl 4j$Lull)j UijU3 j_^UJ! <>uLJI ^3 

JjLuj ^UJI ejLJI {_yz *4_l>»jL>. La,); Ir. ill il 4 t <«iillj <GjIj CjLal ma ^ie. 

ijyjS ^_i-u«>Ji Lai 4 j! ^Jju {jl^jl ^ It-m-dlj .£}i^Sl 4_1L>- ijr 3 JUsLsJI |<w» ->Jl l g j 4 Cr-^^ diVL^Jl 

ulrkS 4 4_JL>JI e_iLJl \jJt ^3 JjLilu L-Sj-t-t/j . <C_>Ij 4x.^. <uJ cii^fcjb 4’ifc^’ jSj—a ^j( j| QJ^" tM 

^3 4_oLc 4JU jJILqJ ^^LjjLlu-uVI - ^.^-i) 1 m\ uLPl 4iU ^3 4jI <> _ y i£. p < u ~>J 1 i ^ j. 4 4 rt .udjj ^jJI 

4-m„V IIj 3jLoJt]i^ <L_uJlU 4_t_u,U$lt (^yii t*J L^JLg tJ-wj ^IlII ^jLJLlj *4 _ujJlI^J1 CjL eI 

4 j! j*i \ ~t ,< »Vl ^j3 La^l 3,Tt a Lsr ^ \a tii-i I ^3 4__ i_j^L!o ^_y* C.<JI jl_4 .4 u£u-»l5LJU 


• iaxaolA 


t^3 CjI^jjljJI oJJb j-uIj Coo ^Li_ujv VI *Z> j-xsCu <■ a & ^JjLuj I JU4> VI ^-caiil 

^L^Vl 4l*L« ^1 3 ^_»j <jjJU (** *« j *l)^VI <JU. ( jr Le. j3j3 Vj 4jj^o SjLc. deformation .J^ ^fl 

fWJ i a ^lll <Uj^_U C^-il^J £yA JUJuJl ciJLLAj .^j_u^>JI J-L*J l $lc. ^Li ^^IlJI ^£^11 JLa Jul£. 

. JSLtlJI ,^3 j-jjfcHil ^I^jI /_ya 11 iji a Ir-^J jj-taitJ I4L0 


THE CONDITIONS FOR EQUILIBRIUM £!> 


\ 


1.12 


S^jJJLl ^j-ill 4ltajt^ L>^ 4 aL^fl Jl^I t-jLJI 

J j i JLA jjf^SLi ji wile jw_j_i_wuo LlLaLc. ijl t^. a L» 

^LLlL-uI 


L^oLqLjl- 4 |al 01 Vl tiilj Jjl Clxa-v * 1 JoJlJLJ 4_t^J]Lj ^ala_^ll Vj 

dd^uiil I J uAj .^^>-1 a A-t-Kufl (— ai^ -5 ' l->* II ^ m ~>d 1 » CjI a J j ii 

. JLU. U ^_<_U_>J! 1 JlA (j^£- JXI Jjljjjjl ^Xjjx. Wisiir 4 ^4 <"*j 


4_jjIj 4jjlj 4-c.j —ui 4j ijj^J (jl jjJ -j ^lu-4 4 .4_£j_j>JI ^wl_e ^Ixj^ ^jl^jVI 

cillj j-j3G (12.1) L y3 L^ J_aL>- ^uO. jiJj F 6^3 fj\ .jjljjl 4JL>. ^^3 



j3^p F ij .—rvlj 3j—^ (1.12) aSu^ 

. P 4 1^5 ill . 1 \c jooL^. ^uMSy 


ljt£il 4_3 cJLo T Cxjl£ 1 jp3 .P j-jjLlji 4 tr>3 ) cr^- 1 ^ ^ " »J 3^_3ii 
^jLLII ^jJujC .0 akiill 4_a_tu-Lllj 4 tr> 3iJI ^Jl 

(7.11) 4JjL*-cj ^ L«j O J ^>- F 3jiJI {j£-- 
x - r x F 

(jl (2.1 1)^4 < 11 rtll 4_5tlll e-i^juail ( d jU oL>J li*i *-v\j3 {_y& j& JljJ 

^iJ> -V~ wil /^2uj F j r r^A -j11 ta U < _ 7 ie, J—qL*_1j T 4_^cJli! 

> 

l<jr 3 ^ f 4 J H ^-^4 ^-iLuS I ^<LU3 .T dUol jLJ^Ljr “<l ^y f 4 jll J-JI 3 JwJlLa 


(48?) 




(m) 


jljjV I». Jy-Klt l > -> 

jijx. tfLsol jjJj l^u.u.a j»Lg_)V1 j j*\ I^ 0 ^ U ~ i!I ^ jUI jj_»J,| jJjjn. F (jl (j£Jj (_j!l tf J>il 

JSLjj (j^o (jl (j£L<u l a ^ .S_*_fl-JL^JI jjLj. (^Jl lL!j_»j 4 T ~~ T (1.12) J£<i ^3 J«j (j>ij X (jlj5a.ll 
d ^Ijj jyl-f, J 4. "L*-J 0 4.1a a jJb ^XJ ^£Jull jj—>d I >JI 3jl jt (yjl£. F B^xJl SjJlJs ( 1 . I J ) 

i juoU. I^ ui->- ^yzju^l (jVl. (10.19 4JjLtx ^y!] j_>.ji) F d $.&> x jljuix q\ j£> jGj F ji jxx jyln 

j-uLlll (jmaj k-3 j_<_u tjl jJili joiiu jj-uj 31! I jl . F 2 cillj Jjuj F| 3^xj 4jijuJl ^y^ ^31) 

<ji dai*. <?L>oVI J_wuu 1 <igl I jj lx <UL>- jyiS ila rt4 ^-cu_>JI ^yli 


^j-£- jj u & 1 (jljJu^j UL£ Ijlj Fj —^2 {jLlijjl m~iA Jr>.3a IjL^ (jl (jlddLslSix (jU^Su F 2 j Fj 0 ^ 3 ^ 

* jy** t$f ohj^M 



13 >«jI ^2 3 Fj (2.12) ^)S» m 

jjljjjJI ^yiJU IjJocj V l ijLllaliLa 

l^>\ 2yj ^C.jJl {yiiS. J>^£1 J>^ 

ijljjil i3w AJ jl Jl <1 U ,i.«JL<o 

.^1 



jlj_3if ^yuju L^J (3.12)^J ^^tf 

l a 4 L 4 X. LIsl>. 3 >ld I 4 I jjU^j 

j?Jui ijl rth -K .—4 jjLLajv 

<—i jl 3 C. £X —>Jl jj JLj 4 il— 

i£l J>^ dbi^ • 4xUJI 

2 Fd 6j I J JLA 


/_y3 tjjjjl is\\aj ^ (2.12) (yis ijljjxii 

^-6 ^ ~ 0 3^3.1 \r<-<.<ijl 1 6 

^■Ir ^ r. jj_3t^o <J>-^ 4_£.L»_iJ| l-j jl_3.iT.. <>L>ol ^3 p_<_a_>JI jl 

jLuju—J l 4 ^ ‘>“11 3^-2JI Lq-Lu tO 4Inn;ILi ^xj JSLjJI 

. f^yi-Ai (Jj-^ 4 x:L-uJI c_Jj 12 ^. Juua ^<u.u>JI 2^1 j| 

lx-^ 4 T J T l^ J^-2 SlX -JLx-t-u^W " t C * 

^-^1—>ol ,yii d J. i Jl trt > i— a ^ 1 (3.12) ^ J5v . i . u 

Jxc. 4x1 2Lu< 1 (yl^- 4jj2) Lxx3 -i 

2.12 J^~3u jyfl ^jLjj—aJl) ^b^jVLj ^4 —«-uj l —<1 ^jLj^Lj 4—3j^_l>n 
4_>ul_j (jyS 1 .(^Ijjjl Luajl £)Li$.\ » 

(jjjLill ^)l (3^-x.i ^1-3 :4^jxtll CjJLill ^_pj_u L>t . 

dJliii ^3J3 .^uau>JI qm ^j jyl^. ^jM-xju ujJ1 , «H 

Jjlij CjJl> 0 ^jX (jVj . 4 dh-V 4 ^Lca^l y liC. 

.2Fd ^jl juLa ^jljjjJI ^^3^ <jj-^ Fd 

4jjlj 4lac_*_) j3L3 jj 4_c.L*xJI ujjI <i C jx JJ JU ^_i_u->JI <ji jxlal *) 

^J^-C J-^3 <-dJ j j 1*1 «j t4-xj|j^jJl 4_^j_>JI da•%■ ^jx . j^j>d.l C 1 ■> • 
4jjlj 4_L^yjj ^< a y l 1 (jjic. (jijjjJl ^daa^ix^ . c sl , »1 

4xjuoj (21.1Q 4j jIjlx ^yjj ^-^j|) ^X—2F^i—let 4ijbtxll La*L»‘ f 
4-be-tJI 0_>L^ ) jj dax^ 0l>^ <JL>. »J1 j)3^ ^ •'! ♦ 

(jlj^jJI 4JL>J Jt = IcX lj_3_ua ^jLcuJ (X 4i.)l Jl 


ISaaSaXt --JjVUJ^Q 



tails 



£. ^^L-ud /ji pt ^UUI ^L^Ji t-Ia^ -tl lij .ojL 

. I^U2_J^D ^L-aJ (j i U^pCJ Jpfc-A (^1 


^Lui>.VI ^LaLa Lujd 

s' 

(1.12) 2F = 0 I^uLu^j ^jLuuJ (j! l-Oij 4_pjUJl ^pili 4j_uarc-A — 1 

* 

(2.12) £t = 0 1 jJlu* jj^a b^ obi^ fb^ - 2 

^u-ptU <U,i.^Ji 3^b^* ^4ljt-fcil ^jLi Ljj-ptj ^.3 ^yJl 2u )VI bb^W i _ p >-taj _j-a b3^t «Jt3^_uilij 

{jljjVlj ^pL>. t _^t3U ^lill .^Jpli (jr AJfc»^0 jUbj ^j-A ^ iV/t La JlxC. \jU3UUS C_-pLj 

0i>5>U 4^ L a- t -!i diVLr>Ji jJljus j^jL_o3 c-ocj JJ i*-a ^1 bp*- 4_j^t^Jl 4L*- *J1 (jLj Lj^pej^ 

4 -C.J-LM 4j V La JuLf. ^j^SLt-u 4_JL>- (jyS ^au-n ->J \ i-il—JI 1-V^I L ^ai_u^j! ^_Aj j JT £LjLLi-u'^l 

(0) = 0.1) CM =0 J\ tfl ) 4jjlj jl 4^ 



4JjLdLi ^-Lu^J V Lx-oj (1.12) 4J_iLuU ^i jLgTo-»i L^-lS ^1 is\ \ 4_IL>- CJjJu>. {jA b-& (a) 

.(1.12) ^IjuStlijjl V Ulu (2.12) ibLdl f tjL^,t ,jSL*JLl <> t>(b) S(2.12) 

. Scaler 4_u^Lx4 oVL>- ca»I 4_aLc 4Jn^u ^LI^ISLLa (2.12) ^ (1.12) ^jJ jLlaj ^jLtlajLli <jLpeJiXI 

.(z,y,x cjL£ jl\ J±Li) plill cL^uiuJI ^ja 4_j}L^ b.9^ 2a^-<.uil aj^Lj 

( j_a 4ppjps 4^v|jIL_« 4al"^4 CjLaL>o! p 3 J-qju SjuJi^. ^p3 ‘S p 50 4_j^pj 4-aj)hi a 

^5 (_£pJI Igj 3 4JU Lual A- *i a! j. > i_3p_u .bf^L^JU ^>a ^ j jl*C JJLC. CjL} CjVjL*_1.I 

.(Coplanar^^l^l 3. 1 a ^ a<i*U L^J 4R*11 oLpdiil ^j^it) xy 

(JT^ O^' (J^* ^jLuG La 41 a (jLlIji ,4 _lj^Ll^ CjVjLl-4 cL)^4j j-a b^ L»~J.i u i^iTi^y 1 1 Jut J-AJ 

4La.^> bp^ ubj^' (jl l j <<iVj ubj 4 ^^ L>^ cb^ 4uJLijlj y,X 

:d»Vjmi ^1\ ^LjJj LL>^_js ^ (j-Aj . I j u ii ^ o ^jLuu oAj xy^p-utii! 


5)F X =0,2F y =0 ,2 t z =0 (3.12) 


. LjLa^i ob^*^^ fb^ tbbj 4 ^ f k b c ' c ^ p - 


CxjL^ (jjj 1 1 n "nI (jljj) 4JU. ^-cap- 0^ JJ-C ^yC. j <11 ^j.0 t > ^jJ-uu 1 < ; ^ 

JlLc. Jy4 UO ^jL_u 3 Obj-^' fb^ ^ 1 ^ TCjQ 03^ -^i fcjL ^ £ ’ * La Jpt-A bJuLua obj'"^ ^ib^- ^ L^ -^u4 

.u.>JI jjj^n* ^j^* 4 b b^^ 4Li2utl (jl (jSb-tl cr^W 


^SLuLLi/VI VI: jflkC 


mm 



a ^ji C ‘-l~*--? /ya 4 x.^J3c_<s 4-aLi jJ j] Lguao. jylc I 

C r* 

+F 2 + F 3 + ... = 0 

JUOj ll!) £-JU3 ^Jt I JOfc ^ jJI (4. 12)J< Ui l 4_Sk 

4 j < ».<1L F j 3yJiii {J-4-C 4 In xi t (^JSLlJi tln3 4 ^jJs £jjf »JL> *F * 

F 3 < Li rt > JUbj T| 4__3 cjJl! 4 In.. »! J JL_>o 0 4_La-J.ll 

C <Lua jt ,4 (4./*- j-_x_£-) J I* 3 4joa-ul^j JJl^kj V , •* 

0 4in.3jJL) ^y$_> 0 Ijj.ill 

2 x O = r l xF I + r 2 xF 2 + r 3 xF 3 + ... 

4_lj_o-l 1L> r yi,l 4j^ILa I 4 ] O ^y>-1 4jjLy-»3 4 _Lx3j ^ysjluu 

JJ- ' *- - a c. <j3j « 1 r 2 ““ r O 4ln3x H 4.t ...lib Fj 4 -Lxaj .0 4L>. 11 U 

O 4 Ls a 1 U 1 y *J I 

2 *<r =(r 1 -r')xF 1 +(r 2 -r')xF 2 + (r 3 -r')xF 3 + .... 

= r 3 x F! + r 2 x F 2 + r 3 x F 3 + ... - r' x ( Fj + F 2 + F 3 + ....) 


^j_£. jyiLi-o (jl 0^ (4.12) (JSu* 

.0 4 U aitl j J - C j. rt --o <_gjt t .*A 

l_£j—>* I 4_Ll2j l£| jJLc. j. i .A ^3 1 y 4 >j 

. ^liLo 0 jJlLo 


4-ji—>- ^ i H...> J1 ^j! iu ) !j——t-oj 1—£jl ^yaj- 1 3 J ^J—^ 4 L s\.„ir A (j! Cly — :w 

t^jLuuO' p-c <_y!3>Lb jy-^Vl j^>Jt ( Translational equibrium ^JU.ti 

4birt> J 4l <.n oMi j*3-C. 4 Lua 4J ^LZbl (jlyil ^' «-“>» l^j 0*^1 * O (J^>* ^ ) k 


MORE ON THE CENTER OF GRAVITY j—S># 0-^ < |112 

l_< » 3 4JLj 2 _iaJ! JjJljvj 4_>.^_>. {j I 1 AJlLc i _ =T Hjt 4Infill jjl Lu(j J^a\ 

13i3( ^jlj ^L>uVl iS)~taj jljLoil t iUA ^ii-4-3.>3yiIl dUdl ^ ^ n->J 1 i^» 

(jl Oa ?z-J CltJtjjl wL£s ^IjjJaJI ^Jw>»] 4 l-ig i C-aL£" I jJ 4 jI V! .^j-u->J! -_y2 34 U3 t C J. 

4_jj1j 4 l^-.r (jjb- ^1 J-^jl JLj jJLc.t(J-4_*J i > In ^yaJu jljU^l f^lc. Lj_)1 *-» 

(3.12) J^lcu ^^3 J-^ 4 1 I. IA 1 


S^jJi.! 4 _ z loL>JI jLylc *^1 ^3 (J 7 H]i Jbwl . JUaLx j_4 J/»Ljuj LojJi: 

. 3^XLll aJJb (J- 4 ^ 4.Lx3 1 JJlsclJ ^jl 4 it. 

t 

t _ r lc. o^jJJli 4_ujL>JI ^unj 4_uaL>» 4 lr> 3 > JS3 (6.9 )^-ul3 ^-^3 L 4 S 



(2U)JjjkJ 1 ISLu»Uju 1^ I SLu l SL t l JjYl g.J^Jl) ^UjaUi 



JS3 3jjjx ; 


-33 (5.12)^3^« 

• 3jj cx^a CjUjIjLivjj 3lJ-^_d 4i^ l^_Lo 

-J Js> ^ j,_r^_~—-4j uUj _I_u_>ji oJJbj 

• JUjOO 


x~, 


JuJL j3p 3-1^1^ 3^3 t ^l-->J 1 ^.5 4-l l ^Jl ^—xoLie i .3l“. 4- a 

4_ulL>JI 3jJi {j£L JjLlII (jljjjJl ^-j-C < . x - t * i =K - i L 7 ^ O^i * ^JcZuillt <?JL4s 
Jl le 3^jJi,i A/g 3_^JI l^uu <]r\ 3°l iM^- lLiS> ^uiO» 3^jJJ.t 

!^2> U^£3 'LxS . ^4_usL>Jl 4 \r\a <11 o Jufc JJLaj . ^4_*xstU ^JluJI j£^a 

(jj-3 M »*-^- ^<Uai->Ji 4 <a In" i a g ,jl Lluo^Il^l 13] (6.9)p < 

4J 1 4 .i.u > j^-ualu tiU j ^j-' 3 ^ LjJ . 4-13 1 j^j^a Cr^- i3 i ^ Li *J 1 

* (5.12) <J£Lx3 {jr 5 fjyj—a 1—4-^ Xy . 3 L « « JL1 (3-j-l^tj 

1—4 il ^ CjI 4—J <-u >J! ^0 —C. ^4-xu—3_l/S ^i-uJ—>JI jj! Ij^>j 3_> 

4 ••• ( x 3 ,y 3 ) , ( x 2^2) ’ ( x i>yi) (m ] ,m 2 ,m 3 .) 

^lc. p j ir>Jj ljub (JH, 4 1~\ 1 i 3^4 x LdS^-C. Jl 9 9.28 4jjh—a 

<ul 

y m i x i 

m \ x \ + m 2 x 2 + m 3 x 3 + ... f 


CM 


m \ + m 2 + m -» 


’*3 + - 2 W / 

i 

L$j^ jIn)> x jjj>J,I 4_La^j y j^^JU ^le 4ir*£Jl y£»j-A ju-irtiJ 4 JjLo» 4J^Ia^s 


jQj ■■■>%• 3j_3jJLt 4 _u2iL>J 1 ji jl1c.Lj jk-i 4_^rv^ ^^->5 jjl 

jljuUi 4. In 2 i { 3 j 14 j ^_i t h->» .(6.12) (J^-xu La^ 

j_4s ni]S| 3j^Jl {j£L (jljjJl fJ-C- Ljji fttg 

4 In 3 t ! i .X^qJ^JIII j£j-A L)!^ 3 4wLrtj ij\ ./?2j 4-oij^ ^jlSwO jJlC. 4ojIiL>Jl jJL?c_a 

(^u-u-x-U 4 jKI 1 iL^JI M = #fi] + m 2 + + .... c^p.) mg 3 j»^L^ 3^ j_2j 13 U>a_4i 

2^£. ^jUJ! jjljjJI ^ oljl t.u 4J . nijg- <?jl>. {jr i^. <-_}Jl->J 1 ^^3 j-uQj f'J*- 4]iiL<j-4 

^3VI ^J-i-njtj 3jj-3Ji,l cj L4 -Lt xj> Jl ct^ ^Pj-U £^1 jjjJ1 x^q JilJI 


(mjg, + m 2 g 2 + m 3 g 3 + ....)x CG = m 1 g l x [ + m 2 g 2 x 2 + m 3 g 3 x 3 + .... 

llblj lj!J^Q g {j\ Ui3 Ijj cjalxaij ^jl g 4_u2iL>Ji 3 JlJu ^JL^q LAp 43V-*J1 &JuS>j 

4-Jl3il 4jjbtl.) /J-wactjj g JjJlx£: LcjI^ ^JL>J1 ^Jb 1-4^ 

n h*\ + ^2-^2 + m 3 X 3 + - 


X CG ~ 


+ m 2 + m 3 + 


(4.12) 


^^3 ^_3j jjl UllLs 4.1^J1 y£jja -lie j_3j 4^>o 9.28 4j j L jlxj 4-^tlllil i?Ju4> 4 jj 1 3 4> 


♦ 4_<jln "la 4-ujL>. ^JL?c_4 





^SujCu^Vl JjlJjVt ijfliC. 


(4M) 


. 4 .< >t ~) L^tlJs 1J 4J3L4IU fl UL>Vll /Vu-Lt^q m dll ^9 41 !L/oV! {jjQ Jj JUlII *' 

Geometric Center 03 ^ 3 -^ 3 >L < i £- 3-111 iju& ^ui>. 

^S Lu Uuiij 5 juLv fLu^/V Aixat > ^3*12 

EXAMPLES OF RIGID OBJECTS IN STATIC EQUILIBRIUM 





jLVjJL 
Jliua 


, ( *_aj |<1 i /• _->J {JjS-ii) a (6.12) JSoZl 

t _ r i£. l_ojIj g ji j_q _a til * ^ ~'~ f ^ 

. ^C_a_u_>J j 

4l Ila\ J^jv. I 1 4j> 3 ts\ 11 4jjlii! Cilijtj. 221 4_>»L>»j <J-aL>* 3j^^> 

J-aLw ( j->3 4 j^£U! <t-aj)LIIL b i4_ojiL>J! JpajjV L$_>l j Jl_lj ^IlJl 4jjJli,l 4 j^-ulSLi-U 

3 3 L-r> ^jl jluJ 4-gjwjLiKJi 4\isi r»- a 33 ^ q\ j-t 3>3 03^ (jr^ y 

lLs^-^uJ 1 j (12.2 ^3 3 i_;-uj 4 __j_tvjL>J! 4jLto_^t_x3j (12.1 4_LL_*_>a £_>1 > 

LqJll£. . 3 ^_JjLx -4 ji£2jVl 4 _Luu 333 4 ^ 33 In < <; 1! >J 3111 j£j~a 33 ^ Lo jLtn 2^3 4 4 ^3 ->o ^ *1 1 

iJT lc. 4 j L>J 1 (33-3JI (jl 4 w aL_gJ! j3_4^fl {jjh ^Jvpi "t i u 2 H « 

.?t_pc_u3 j>. ic. -Jgi^o 4-Lc. ^3i_iu_u LiU j <J^c. lil 2 i3 ^15 <*— ~ 

. 4_JLjJ| 4»3j^_LiJI j»Ji2t3_i_u! 4_i3*j\_>JI iu £3_3JI ^ya 4_c3_4-^e_4 ^_pG <-2 aj>o 4jl_>. ^u-ur*. 4_^ijJ Jljj. 

JiUuoll JaJ OlfckUo 

.^ySLt jl*L u < l ^Lui>> VI 

. 4^Q 3 L.lq 11 Lq. i uj ^V-Lii ^1 ® 

4_j_^jL>J 1 (3'3_3JI ^.g4 •>- ^i^-3 tjjv ^-3 ^.i-u-Trll itiil/ *4l 1 1->2 * j)- 1 1 • 

lUni^Ji (_,-!£. ->JI L^J Cr-^ <■ ^ j V .|_^J_SJI till) (jjl I ij ‘ a .ft III >!1 

■Jj sc. "1 (j! . j<Uii ■>• (jj5 diLa^h i<ill .Uj >.U 

IjL^d 4_JI . <> 3^^ ^J! 4j^IL>.l ^jJI liij .3^ i?L>u')/l 

.4ajc9j3 La (jjjSlc y, 3^3J! ^L>ul 4 L>Lhi» 


(2U)lj£fcit ISu^LuJilj tSLulSLfli * JjVl 



beu t <>t pj .jl Jul-al ^jJaJl Cjlu-£_yo Ij ^u^ocJi 4-t < jLLa CjLuJl>-| ^uua • 

♦ uli^ ^-L4->> o!jLiV LxjLLo {Jloj JjVl 

# P 

i^C. y jLh/jk! L <.ol_La ^i>.| 4 


j i <i n tjr 3jl J-uaVi 4tr>3 1 jto*t tfi] jJ ♦ UjLlo- 1 4_!.}L*Jl ^JjuaV! <La^u jLyjv! ^£jU # 

iJT Hl! 4_Li_oill J>L>. <ln-w jt jJLol /^yj-c (J-4-xj i yA\ BjJLli <j! ^P>/vV .^jLSLoVI j jJb dl3Ll tu ■*. 

* L^lLUil fu ^ysj 1 ^3^ LgJ (JjusI 4.1m3X L&jLji».i 


JujLtJi (J^j3_>iJ 4 jU ->JI CjVjLlU l _^y 5 4-C.j ^jLlLulj ^loJl Joj-oJtj <JjVI JdyiSJt 

. Lpi 1^1^- oVjLtit oJJfcj .Jjj&L>JLl {_ys 


12*1 JLL* 

c-u-u^JLli 350N j 800N 4 TUj]j yji 4 _i^jX 3 (jr ic (joiisej 40.0N 4 j 3_5 ^ * u->Jl ^ys 

^yiLscJ l_jV|j .£pl piilt y^J-* {J^ < *<1 J-^3 pic. jISjjI 4 Inli i OjI£ 13J (JA^y^jui ^9 Lcf> 

. J_<oL>J! 4 t~> mpj £jlli ^LC, <^£.1 (jA ! wH-P ® SpUl j!Jl3^S i At H^wl (cl) 3^>-U (j-* 1 -OlXl JlAJ 


■Jua mm i spspl ^j-3J! {jr A ^P-!! 3ppi 4_i_^jl_>iii ^pil n 5j_SJt (_xjt_>- j_jJI 4j( i 

j_SjJLI JulC. £$JJ Js “ill j-Sj o J\ (d-*J_3 Cr^ SjjJJLI 4—;ujL_>«]l iijVlj i_jVI 

^Jl£.i n 3j_oJi (jj| ^^ySLuLx-ul 4il_>. (_.yB <i itl Ujj .^U>"‘a (jl 4 J jlI^JI 
(jr !i j? (jrJJ -SPy = 0 0* tS* J^-“' Cr^l T~ W L?>aJI J-sL»2 6' 

.(jil i_ta-jl! i>L>oVI UJ^ cr^-' 


41 


*- H 


4 


4'J.OK 


800 N* 350 N 

afiA f Uii (7.12) J &£, 


n - 800 N - 350 N - 40.0 N = 0 
n = \ 190 N 

o^v jLjlc.VI Ji> Lkiiti jj 2F X =0 iJjUil 
. 3J4 (i 11 aLsoVI Js *Sj& •^jP 1 '^ 

cjjukj (_ySL! SJuV! (jt i_(jjl i .<<»~vi (b) 

A aj b\ ‘ a 11 


4-a- a i^aJI ^a... g |JlJ>. .(jljj^U Joj_iiJI 

n 9jJaJ! (j£. (j^jUJI (jtjjjJl 4 JLj»J! e JUk <(j(j3jdl j»3 JL ^ jj a - < ^ J>^- 

^ T — 0 4J^IjlU j^ya 4jf J->u ^1^3-ua j^j>J,I IjlA (Jj^- ^i!l (jP^- Syiji! 4 -u3L>J1 


^SLulx^Vi tjjjif* 


(800 N) (1.0 m)- (350 N)x =0 
x = 2.29 m 

jyxLA (b) JlcI (c) 

J>U* U-Sj-g-T. J.-V-Tu j^JLl jl-p-rwl ^^2 i 

(jl^ iiij 4 _jlj>-^s 5j2l!i ^ £pLi!i ^jIjjJlJI djLtil ^jl ^£jLu . i_J^M 4 _l_ 3 jjjiLfcj ^£Jl)I jjlSU 

£_<o jj j3 ^La^laJJU jJju^o S^Jill 0-sl£" I lit 4jJL^i . 4_£.L_uJi Jula jjj3 4-o^l^lU 

^T—0 4_JL>»J1 £ju& . 4x.L_uJ! uj^Lu 

#1(1.0 m) - (40.0 N) (1.0 m) - (350 N) (1.0 m + x) = 0 

. X jLae-iV IhUl U- 1“^** £p| ^ —1 190 N £j? ^Iju (a) *.j^>Jt ^y* 
x = 2.29 m 

. b ^3 1 fcllf 1 <1 </*>->. ^lll 4_5tjHlII £-A 4-J&-£uJt <?JlA ^ 


cjLo^LlU La £ji] JJaiiJl j£j-* 13J (1.12)<Jt!L4 

.4jLi-ull 0 Juk <jr^3 


512^^4^ uU : ' f;2.12 JH* 

biceps^ijs-A^tjJI olj £jjjJI 4L>> rj uiaj <u 1 < ^jucLx^j <>ju 50.ON L^jjj o^ 1 * **** 

. (J-ua.aM t j-4 35.0 cm juu 5^S2tj 12.8& ( J£.xii ^Ju^-aU 3.0 cm jju ^^yic 4iu-k< * 

4iri<tflj-j jAu-ul SjjJi! 5j_2aJ!j ol3 41 is* • 11 4_La_(_ui^J wL-C.i xu 11 ^1 S^jJJU i>») .»n 

. Q}_5 JLt£. l^L»C 4_Lauuj Jl£,Ll*J! ^yl^. JLi^i»U 


m^=»50.0 N 
d = 3.00 cm 
€ = 35.0 cm 



m %\ 


4j3a-«Ul F SjJL> ^yi] ■ 1 Aj CjI j 41 i>>t 11 (8.12) 

{ _ r 3 4_3^u3^JLl j 115211 (b) jx.LJI cr^” 

-Jisat <> (a) 


J A -AJ £jU3^Ji Jo-1-1 » l 1 1 I 

(8.12b) (J£-t*u j_y3 \^a ^ iti t'rt n £> j 1 > » H 

Lr^^i cr^ I ( ’ «*•*- 
^1 R J olj 4l*.» »!! 

JU£, J-Uajjl l^j ^ ^ylU t bi . . I 

jULci olp5U y-'.i 11 ( ,« 

A _>oVl ^^^3 4_ j_ i)l .’•• * 1 

. V n 



tsLaiiidiij isLjisut-jjVtc^stio cb^iji 


mmgr:-'- 


(1) lF y = F-R - 50.0 N = 0 

jJjua-aU li \.. ~ C . ! iii \j-kjus i « ~> 4 In a i (J^>- (jl^jjJ! ^j) a nr. a (^jluli kj_2i]l (j^sj 

jkjjLt£. 

Fd - mg (. - 0 
F{ 3.0 cm) - (50.0 N) (35.0 cm) = 0 

F - 583 N 

LaSj -R — 533 N R jl.iit a (1) 4Jjl-*il 24 2>^+ F 2^20! ji i * 

5^00$ (jjSij 24 (l>5^aJ ojlaJnjJ! j_y^J (JuntiU JLi£. ^^ill Jliil ijlA O^jJ 

ij«-Ajj»-i 1^1 F (_gjjJW«JI ^0 15.0 Sjjlj £/uj<I^J! o!i 4l<2nll jl jibljJI (^ 

jLulc. 511 <_dJi jj-G Lo jlI^. R F jljiia .4.2231 (_^i-5?!j 4-jjjac. 

/? y = 533 N , /^ = 156 N , F = 604N tol^l 


4 i .Uji ! 3.12 JL1« 

,J jy-X-i 4la J>a— jL^- (ji Ci . i~i-a 200 N 4 ijjj 8.0 m 4_Jj k p tw«. ^ 2 at i ^ ,an.3 

lil .(9.12a) JSL 2 , C7 GiVl j_a 53.0° k^tj JjLS ik^S^j 4 kka SjuuiJt 4 iL^jj pin connection 
<?L>olj jlj-JLa LusjIj . (JjtSJl JL-tiJl i^uui .^>1 ^yi 2 m Ji_JtJ £_ r lc ^00 N ^jjj tit <— 

. u^Lxia^Jl ^ylr. i_LxjL>Ji I 4 J j3Jj 

* 

ojJZ 200N JjISLIIj i i j. 211 yy 4_ij>.jL_iJI —*-> (ji j/jt 

ya* a 11 <LlHj Ct-^ L^j P R 3^_oii tjJjlSJ! ^J-C yy (jy^H T *4 _ujL>JI 

^yr 4 ft 4 4 £>JJt> ♦ (...< jg>l 4.!! (jr Lc kJlSljJt V fttll l^J 6yaS\ 600 Nj 

Ijl ^jLp^j?) 1 Jed ^ nj jl£ ijLuLcV! dL>oi Ju>-U Laju^. .(9.12b) < ^..^.^11 

" i* m 

i-o-iJl 4-jL^lli i 3L^_3 O^I>-l ijj ji ~t* £ L gya}\ ^dJbji Lo Ijl CjJjx-3 La Ujj) tsC\ 

c-^uxaII jV J^UJi ^ji Ll] (jkj j ljuij . Joj IL-dJl /_y^ IJluj LajJil jLt^ijJi yc-i (-dj-JtoJ Jt3 c^toala. ^11 

JSLliJI R 4^atiU ^uij.j dli jjj ^Ji 4 jlr >.l^t <>>j edjj^ 4j^J <t^S 4 (^1 

JjV! Jo^_2jJ) ^1, 3l.ct.il iu Lj 12.9c iJ7 h ^ j ^ a \& 4. -u^uij (jCLx^jJl R ^ T LilL>. Iji . 12.9b 

= /? cos 6 -7 cos 53.0° = 0 
^Fy = R sin 0+7 sin 53.0° 

- 600 N - 200 N = 0 


( 1 ) 

( 2 ) 


^SLoLm/VI 


(489) 



L 


(a) 



r200N 


600N 

(b) 



( _ r Lc.t 0 * “ * j" c^! ^■■■* A ^ufcLsuVI LjjJLi 

(j^a ji stjl LiiSLaaV i ( Jx^l— x —a 1 Q j T j R (jl c. 

(j1_j JljV 4_j_iVI o5?-jL*-U .}Jl_C.) lU a £ ajjfc jilj_5c. 


.((JaALaJU j»-i 3 Jua-jj JoAUai J) Jul (_£jLuu 

l_ai jj _=»4!.(j!_^j^/! ilsj_ ut (_yi (JjL^e-i _i-u 

i. < J <>1 ali 4 La It 1 1 jLU j-A (jijjjdl fO""^ *•■! 

jJb 4 t inlLa a U ^ 11 ojui jJjtJcJ Laj .JjusjJI jjx-A Jje. (_£? 4aaL>JI 
(_gjl mi ^j-a. £jji 1 a fl>^S3 T 0 $ all 4 _i a 4*^1 4_a£_^l(j R 3^_5J( (ji 
. a U> ^)ti pjufe (J^-a>. (jljj-i j-j-t (Jj all &J*Jb (jjj .j. a *. > 

Aj. a 1 4 . a SjLiiJ ^ )t 1 4_c.l t ti II v_ijl g a 1 jLa3ll <?L>tjV! ^SjCu 9 

600 N ^J-3U (jl 4U->-^L<uj .jj_>J.I >. (jlj^jJI 

( _ r ±c. 8.0 m j 4.0 m j 2.0 m ( _ r Jt (T sin 53.0°) j 200 N <, 


= (T sin 53.0°) (8.0 m) - (600 N) (2.0 m) 
- (200 N) (4.0 m) = 0 
T = 313 N 


t ^ljL>9 tsia i (n) (9.12) 




(c). 


■tall 




»■ (b) Jjlij 


T .R (jlojSjJU l^Caall 


Jl_^ 5 4—a -j- a 1 Tita f ! >. 11 IjLA £_a (jijjjJl ^j_j c. 3_J_sl—*_a uA 1 

(2) $ (1) jl— * ->a jLl tflt IjLA 

£)l JLaS_I*t 

R cos Q — 188 N 
R sin 6 = 550 N 

(jl ^£jCuj 4J_}L*_ll 4 g i 

^ Jo-astj Sin 0 7 Cos 9 - tan 0 

tan()= 550N 
188 N 
0 = 71.1° 

, La-jar is> R alaoV U^jJLaj (jl jrUJ 4ja>-jJU 4 ajali ajut.^ 

188 N 188N 


R = 


= 580 N 


cos Q 


cos 71.1° 




LbJtffj iSLutSUt- 



J-dili Uj3L>.l iaj . j^Juj /)J 4j»- uX11 £;l3 (jljjjJi Ij_^t_x5 L)JL>.| tj| 

(2), (l){j\oi3ljti.i £->s 4jjUll 4JLA 05 ^1 ?\ /? <3^ d^ (jd^* (jljjjJl fd^ 1 ^-^bc-S - 1- -.j i>*SH 

.cilia JjL>- - d-ui>L>JU jljt-jV 1^1 -n. (JLjQJ 

>liU-a . V^ j u > » d-4-*^ <ld | -. * «-**LlM £j-iii t jla ^JjLmJ.1 j^>. I ^3 ^5jp &J. j.~l £ (S^-^ o^ 3 ^^ii 

^jL;iU J__L3-VI l IuaII J^JL_>Jl ^ ->5-^—<5 . ^^LiJI JjjL->Ji jJ-Q-C. 1 it \K 4J ^IjLlI^C. 1 JLl-^I] 

•t^bj^ 1 ' ob 3 ^ i-lo^-U/ Lo 3-A3 j ^-^1 t ^~y 


4_l^^s 

fj^ 1 t'-b 

^ij 4, JL) 

O(m) 

Js^ 

O (N-m) 

T sin 53.0° 

8.00 

(8.00)7 sin 53.0° 

T cos 53.0° 

0 

0 

200 N 

4.00 

- (4.00) (200) 

600 N 

2.00 

- (2.00) (600) 

R sin 6 

0 

0 

R cos 9 

0 

0 


JjUl|OxaJl 4.12 JO* 


—*—o l>^-^ 13L (10.12a.) d^-*** ^tilai JgxjL^ N — cdi5 ^ *0^-L> ^JL_u 

La jlLc. ^i $ min 4 j^ 1 j d^ <_< <.« ->>1 — 0.4 ^a ^L»II &u ^_^-uL3_ im^\ LfJi£jL>.^n 



cd^ ^jJiil (jr =t_L_x^j (b).4 n»^ . (_p3jVfj ^^uiai 


4_iaJLj —>- P j tfZg J R — 3_!1 ^j! Jaj>-V ♦ j^-LmJl 

0<£ju-ijLa 


(10.12b) d^— Ur* ~ 

.^LuJI cd-^' 4_j_^jl_^Ji j^JLli 

er^ lP 3 /^' L^ 1 ,AP cr^t R 4*—^! 5 J—® 

I14jJ^q_jl 1I ol^> 31,1 ^^AS^ct (JJ-& ^ o J L *Jl 

JjLjail Aj iJ? SLuLLi_wV! cil i ^^VI 

(j'i 1 j n 41 ^j_LoJt (jd^- dLiL>Jl L$j j3^3 (jr^^ P 

J_ & Lu! iwV .(-fJlSJL-^-Vl ^ua—c. 2 oj1—>JJ 

iU 3^ j 3J3 ^oli jLp-c.Vt Uai»-1 

(JT ic ^LaJ! L$J (jy3il d "< 4 . ^ . L ^ i l 

4 J 1 j-JLIj u^j (jd^j 



^ SL u UmVI JjUjVI ij *i r 


(jl^3^U JjVt <lsj. <ull ^L*. V "i <uLt . 4 Ac. I ^ItoU (jruit JSLwiJI 1j. $fcjV lillJJ 

.(jl _L>o ^ 1 < <iU 4-u.u111) 

lF x = f-P =0 
2F y = n-mg = 0 

<*'1 iiij \t- mi Tl i—< sJl!c L<Ui a_sl— ud^1[j tl — Hlg — 50 N Jl_>o 4-j-jULlt ibLdl £ya 

/ s>max = M s « =0.40(50 N) = 20 N ibUL <^3 L. . jV>iVI 

^.> V'mii 6 m j n jj>o P = 20 N 4 jj!jJI ujut aJic. (jil (f s s /A^n 8.5 4JjL*_« j£jj j 
1 nil Cr U JJ JI <—. 1 if. O (J-usf 4.in m i if. j^jfc-iO LaJLic. 


i\4 


0 - PI sin 6 - mg — cos 0 = 0 


(_£jJ3 aJjUi! £ju& mg — 50 N (jl i~.j a>- a ijjJjJj (ji t< 1<»j ( _ r Lc. ^ 1,„!) (jj£j 1 ic. /* = 20 N itu. 


. mg 50 N 

tan 0 min = — = - 

m,n IP 40 N 


= 1.25 


Ji 


0 mi „= 51“ 

4j) < u i . P J J72g Lruj-ill ^1^-vJ O j-L>LLIJI 4Uiii jl 4jLni.ll J^J j-»4 Ji-J-a <*^JLjfc 
^jLhjj <jf t., <».t O' J>>* (jljjjJI ljJlus ^jL_uj ^J-udI 4laai oL)J^ 

fdnJI (jf LaJj - O' J^L>* j-4-* ( f j h 4JL-aJt-<aj R djJiJI *Ir>>- <jl <j> **"*** **J I 

t 4<5» 4J JojyuJI IjUfc <lia 4^2 j J}L». 1 ^ A'K J-4J (jl j i^rJ 4 SjjJJLl 4j^iaJi ^j_uJ!j 

. i <; "< «*> 4-Sj^iaJI JJt £)t L^JJ ( 0 £yi ^ ***■*■»■ ) R l ^ < tifti 4jj!jJ! ^ji 

^min l J-** LjSjJU ^jf <—L3CJ i^LuJi 

tan (j) = 2 tan 0 j! jru (10.12) ^ 3lk*ll 4 j^I>U 

udaoli 5.12 JUj* 

Cj^L^ejlJI j 3 ^ftsLtll 4 _j_hhUjJI 4Lae-tJI ^29jJ ^y^s^ut L^oJii^~< * (ti { _^jJl F 5 ^-aII jLl>4 a («0 

4 (jr^^ (jr^ 4 j Hi-i-j^JI 4JLfcjJ! Li l ■»!r. . (11.12,a) j«>.L>. ^ylr. 2 ^>.Jljj ( ^ r Ll 

. h 3^L>JI r ^wLstli 

4Uh^J 1 4-LaEJiJ! 5jl3t_!L« Sj. i* ts~> 41ttC Ju xicju-uji (j^V <u!l SjLc, j 5 

LjLcu-fl 4-LamJi c ^ is\ \ {j i u . 4 j^1 juo. c. *-lU J ^3 La. 1 tt*c < << <a 

oj^l^ J» l 41W) jll 4 il jirfTfci 1 r jaljL V *i i-ul tilijjj 4_J —tU 41 4l^r til <..tf..i.n*l 

(11.12b) jJ^Llu 1 La^ T — 30cm 4i^c_*J 1 ^lr>4 <. rtjAi jJl2j j ftlg = 1400 N I 




(2b>!>stSLoISLdt: JjVuifriQ 


Ob <*"<.4 *Lj-£Ijj cj^L^jJ! b ^ui^SJI o^ /j-bj> 3Ii »j .h —10 cm j^>.L>Jl ^-Lajjt o^ a 1 

. SjL>dj <Jl3cju 1 ^Jjbeoii .700 N 4jJua ^L5 j ^^4j>o 4JL?clC. 

4_L?e- »!1 ^Jlc. ^jj_LaJ! 4 j (j£ Oil All Jj .^-C j_Ajj 3 ^ji li/Lluj 4.1-> tU qc^3 LqJlIt. 

JSLii (_y3 ^-As uLa2 3 -J^-9 CjMj 4_L?c,jl] 1 ;jr Lz. jy J3 Cx^jii I Jufc . j. 4 w> punl Q 4jo^Jil J<lc. 

«P 4 _Li 2JJ1 (jyix- 3^3^ 4_La^_u !jj 4_LasjJ! 3jJaJt ijr ^3 ^ 0^ ^! (11-12c) 

4-bbuo R t, (j\ ^lIjxu^ LljLb P 4Infill J3b>. j^u pljjjJI Oj^? A> ■* ^i I jj 



r- h 


(a) 



2 r-A 


aJ (11.12) pSL^ 

Cjui AJit . mg^K 11 3j>^ 4_ilc. 

(b) JjjjJaJi ^3 4^*_3 jJ F 3 33 

(c) jj4j-Iait 3 -?*t ~>~3 <JL)c—*Ji _33 

4_ia^J Jlux 

lO-c- o>—^ jAP *J—>-L-^-^ 3>—!s 

• cA^ F <laj5eJJS ijJJj (_y3 4i^c-*Ji 

^y-Lc. 3^J^J.I -3JI R i^.3: -iJl JlJ 

4_ujL?“Jl 3 3JS3 4, bud y 4.L~>-_t 11 

^3 ,.3U 4. ?e ill ^jusV-l >. (d) mg 

4l^_xll ^ 3>ijJU 43M-M! 

• Ijm^ **r> ^3\.i iU 


y (_Ad* mg 3^_3J d lO - 5 (^ P i2b) (J^-tlo {J ^ QPQ diiilii £y* 

P 4_LaJjjJ| jSc. 4i^ejJi 




- hf = ^2 rh-h 2 


d = y A - (r 

(J3_>- 4lasjtJI (jA^ 1 ^3-c 4J-LA5t^ jjj! .2 r ** h^jb P 4 In a i LI 4^u.uillj F ^3-*-^ 

mgd - F(2r - h) = 0 
wig 4~2rh 


ljr ii P 


h 2 - F(2r - h) = 0 


F = 


mg 


a/ 2 r/j 


/i 2 


2r - A 


F = 


_ (700 N) ^2(0.3 m) (0.1 m) - (0.1 m) 2 _ 
2(0.3 m) - 0.1m 


300 N 


<s> 


tj,ku£ gPlXJf Jhadlt 



.j-u^ LkjlJuLa <iac c. L^ol w G t T u- o l 3^-dJi <jl cAp 4- ^-C u J f &JJbj 


R ^L>oij jljJL« t.. i <i-vl (b) 
«L>uV! ,>j.> Vil (Jj^l Jo^jSJI j>j-V~»».ii i t 

%F X = F-R cos 0=0 
2F y = /? sin 8 - mg = 0 

^j^vi 4_uiii!i ajjUt 4ftui^j 


tan 8 


mg 

F 


700 N 
300 N’ 


70 


n (11.12d) J£L^ lidill jLitj-i-uU 

n = + F 2 = t/(700 N) 2 + (300 N) 2 = 800 N 

t^jpiltj . C4 U 3 <!l j-<~i 4.1 Tr t ]I (Jjlc. J^jJit <3Mill q\ 4 4Jl <<Jtl 0JJb Jj»* j 

. (11.12d) 1 cdii. t l_xj I ^>- 4j^i! i 


Analysis Of truss I JpL>o fltJL 


La LJLL • (jJ.jJi 4_iL>*j SjJLli L^_l2 ^Jaj_x3 i t_ «jcj cj \^jLpLIij i 33 i<«Vl 

£_y* *J_». 3jL-l£. (JjJLq^kII tjufe jjl (12. 12 h) JCat (_yj2 IX 4-£iLcu-« CjU^JL^V y* 

Pin jJjusj jjL=e_a 4Jaut-ul1 ^ t3> • n <LLuaG 4 Iju4» oU}£L« £^_i3>jJU Ijl4> jJLaj 

4jL1_^j Ju£. JucljJi Ct^ y^J—A l.j 3 JpJGj <jl 4 J& < u 4j£ (j! <_iUjl£ tjy&j-"* XJu-u .joints 

13] 4- cjJljv 13] uIiL>dfj ^LaV! {j^\ 4_£^_j>JL 4 J .Rocker Base 

L yi\ dajLioJSj JuSJi ^£^9 u ‘ tt^Lj <JjL skSu-u * 4_lLi ^JL«sj>.^L) 4GjL3XL 4_L*^g 4_L5^ 

(58 4Ji mji 5^>XI Ju£. 7200N ^jljJLa (J-<jj>J 3LaL»- o^± LojlIc. t_3il Hic-o 


^3Jit ^ a t ^Jt J-«j 4-Pbe-jJt ^.io ^3-Hl j i SLojLsr 3 * iiM jj-4^Jt 

(12.12)J^Ii u ■«> 4 . J-apt Coo 4J 3 j_3]Lj j3Cu jjt ^u^>J! Lei it 3 4 3j.3 !L 

A .n.}c A5 ^ylol«iVl j^jlI! I^j j3Jj ^pJI iLt3°i 3j_3JI 4jr iju f ab 

V 4__il-vt jJ! ^^_£tj| dL>oVt (j^Jl “* 11 4_^_^XJ ^lili (jjjlfl ^jLieJLuAJ : Vjt 

OLsL^jJt din i*\y JuI C. 3JjJXi 4 j3j) ^.«!t ^J - c-^ J l ^J-33 jJjLau .i_il m ->iJi {J ^ 


lF y =n A + n E -F g = 0 

n A + n E = 7 -^0 N 


Load: 7 SOON D 




(3b^!>9jltSa4UjaJtj ISuilSutl- JjVUJ^ll) «Ljj_uiII 

.AJ^v jijjjJI 1 .' 1 “ 1l -^0- 5 

J-& < i 1 t I I (Jj ) J r> ! 1 (jf ib -vV 

L=50m 

lx=Ln E -(LI2)F =Q 


n F = F J2 = 3 600 N 
£ £ 


_«_! .iU Lut (jja Ur-^ 


iibl_ui_»- 


ObjjJI (O-c- 


{j-a 4_j i Vi (E 4 .1^ la 111) 

n£ = 3 600 N (jl JjLojlII cAjl r<r.l 

Xl£. cr^ (12.12) (J&ur ^JLc. SjjJli 4 jJ>j.o<l 11 jJLstj Ll£. J 

B ikUl ijSJii oi^S-E,C,A iki^S (i , ^ iU*-M Juc Joo^Jt jjU „ 

Jo liulajl 4JL>. AS JaJLuaJI 

y 4 _i£j_^< 3 L^i A 4U5III jl 1c. j^5t-4s JojLjtAi! t * > & L^j (_^J1 Fab BjJili <jjfbj jJJo^- 

4 4 j 4 2j£l ^lu-lu J-Hu <ju SJ7 ^ ^ <ji£> i^i) 4 _aJLl^ 


lF y =n A - F AB sin 30° = 0 
F ab =1 200 N 

. L>* j>» ir> tj[£ >Vir U? 4 - j ->. ^11 4 l_2 


^Juc 4_j2aVl jL.iILc.Lj C yA ^j\j jJo-oiji! ^jJLII .>L*J <jVI LiiSJoj 

j^ulu JuV Faq jjt (JjJLlt 1 i A -4J 4x.jLoxLq Q,.^] A 4 Jl ^jj .A 4iailil JlxC j j -^ a 

Jutu# ^jjU Coo (J, A (j-u i^ii^IiJl <jl £juj I Jufcj (12.12b) (jry*Al jocj 

IF, = F ac ■ F ab cos 30* = 0 
F ac = (7 200 N) cos 30 = 6 200 N 

<jl j-jlILju b-3 j-iu .C 4LbSlIl ,1 Ir. Jj-tsjJi jj_5t^a (jyLl SjJijil 4jJj-^.« 11 4 JLj>. JlJwU uijxu ^jV! 

,£ juiJ J-us l>. iJj .C 4lr>2i 11 JlxC. jj_2c_> s 4^j^>- 4JU SC Joi-Jall uu < X4 

F^ec Ol 3 ^~ F£)c J)i j j-t* <■*» ^Jj i ^mCm * lr. (<?!.'?&^ SC > • *^il l < - 7 -* ^ 

2F y =2 F bc sin 30° - 7200N = 0 
F bc = 7 loo N 





4jj >1^ ^SL u ULwV 1 


. Jol * i '^\ 4 4_1L>- BD dalul^JI l-x sal (jl 5 jJc. ^^JLJI <J_}Iju c_3j_i_u 4 jL^_lI 1 

2^ x = ^A5 cos 30 ° + F BC C0S 30 ° " F BD ~ 0 


(7 200 N) cos 30° + (7 200 N) cos 30° 


F fiD = 12 000 N 


F BD~° 


. (Ji>- L^9 0^3 3_>V j<U4.<^Vi11 1b-& (Ji>3 4_1 jJi ^jJjlII u < iis~i a Ji (jl J^>«J I JJt {j-a 

ELASTIC PROPERTIES OF SOLIDS SJUbJf ^12A 

jh jp La-xlc. 1 ^K <"f ^5 ^uj *Jlaj (j I 1 i bo^lsl jJa 1^ AjlSLt^il l r> ^Ijj ^pL>. 

O-jjv. 7^3 j_l-*3j j2 L^ji ^f . J£jJI ^_u»Jlij 4_ijt!9 £__lxjj>. ^jl j *Jsi^Ji (jr 3.4 _j_^jL>. ^£^3 

<_ r 3 4_}l^ijJ! ^ J -^-JtJ tOl^_j_i-jJ! bill CjjJ^ jJ_r. ♦ 4 - j u* .jL>- ^^-3 ^IjLa- 1 -t-uL L*_^ ji I 

Jil $ ^_-u^L_3_xj 4iV _J_j 3jUgL_>J 1 V! ^ _t *1 ^pi^Lu . 1 ,^1jJL->- <Lx3jL-3->c ^Lc 

. ^ 

4_cjv! Sj-aJi ^jSj _}L^>.Vi JUJL^c-ji'b ^3 ^—jJtlLj 3j_ail i_c<.utllo 4 _l*_£ 

^ .< ii.->J 1 CjU-LJU ^Jljvj (j^- 3^3^11 

3^_j_jLuaJi cjl^L^-^Vi 4_!L_>- ^^^3 <Gi ii-ai . ^3 j-l «..iJ 1 <L>.jjJ ^jjl_i_fl_jo Strain * a iVl 

-j-jJuJl 4 t j iL ( _ r ic.J l ^1 < \-l'u j_jjt_lj 3_}li,l i ^ r -lc. Jl-C-JJU L—i-c u i-bJ I CujLjJ i £-A ^JLsUiuVI L_- < .1 oLu> I 


)b- ; ■' 

hk. V 


.elastic modulus .4 ijjl\ J^Um 

^_j 4 —I _ui }! I 4 j^JU 

.41c. ^jtlii 


; j V V 


iNa 

f .-^ 


i clb 1 ^-1- ^y 3 ^ 3^ •» 1 

Jo1 —>■! J—±> i-3 C4 >j j * 

l—£— jJ-C I (J-Lstlli cAj3 4 — >-J — 4 - .11 

4_i_4-a 1 ^Ju4>j - X oi* j 

. 4jjLajdJ cLilj^-l i | U » <^~i . ^ -• 





C2ui>t>sbrt tsLe*u,jjLri3 iSajisLii - JjVi*j*ii) *b*in 


= 5jj^JLl J^Lua 


(5.12) 


JUiLVI 

L. u.rx- 3uU cJt-L$J (^j-oj ^H^j) CjJl>- La 4_jjlJLo 4 jI 4_jj^JU JjaLati ^ aj 3^*31 a. j ^ A! 1 j 

. ( La Ju>J 4 15» J < ^j. *Zb ) ^u-u^-J 1 

. t J£J 4_jjjJJ J^sLca <-3 j_jljj J_< i~i.ll £•)j_ii Lj^Lj jLuUlVl (jr 3 jJ^Ls 

.jJ^laJI juUJI ^ 4_4jI^» Q-iiiaj young’s modulus gJu 1 

ju«L>J| \$'iA QjfijLi CiLj)" Mill ^LajlJLa q ii j 7i) shear modulus at! ^J^L*** —2 

. 3$a 3 X}j>U 


k j \ <ull jjUI jl jusL>JI n.->Ji 4_ajLiLa ^u.j .3 j Bulk modulus ( 




Young’s Modulus : Elasticity in Length 2LJjlaIl5Gj^tl :?tij J^Ljl* 

(13.12) Ufi 4_sij_L> I JltwI ^j_a CUjj L» ^IjCuVt 4 J^Lj A4jlLsJLo <L>»1 < ua \ Li t^\°! juaj 

3i V! a 4J1 Irw<i/Vi 4-qjlJLo 4ol^ljJl ^j_3JI ^j_3j ♦ < «U j-lxoil 4 _jz>-jL>. La Jiic. 

Fj 3j-Latl l.^-j_a 4 JLjv 3-*^? 

. 4 jjjwljJI ^^2S\ £-A LaLc_> 4^yjua 4_j_>-jL>Ji 3jJL)t 4 j.3 £)J&^3 L’ 

Lj&jjkjj. l-j-u ^.all 3^^ ^Ls jjj JUb 4iUJi ejjt ijy £i 

F Ll>jUJI 3j_3JI jIjuX>5 (jyi 4_^iSL£ tensile stress ^^kli 
ojjb tensile strain ^jiaJt .A j_k311 

<J^Lali ^Jj AL {jr 3> 4 j m\It 4^1 4_!L>Jl 

>jOl«lill ouU (J \.J 4jLC*liil ^L?cjLi g_b J^olx^s .Lj- 

jl^>.VI /r/^4 



c*-i 3L >o cJiA 3 S'i ^ ^ (13.12)J1 ui) 

(j-« 3J J—ji^4j 4 —j_ 3^_L> J—>-! .,1 lr 

—^ j_ 




.F jjjG c .‘>u AL 4JLLaiUj#t ( ^ i i ^-^Lt^a) y — 


( 6 . 12 ) 


yJjUl JU^VI &L / 1. 

jjf t.lA.'vV (Jtai-Lo jl J_ti) 4j iLjJlv «.^11 x » _^l t 4JL>. c,^ x^>j iJf 3 ^j2eLLuU jJj J-aljL^ 

1 4 t4 ^Lr>(12.1) <L>.l 3J^>.j ( jr ic 5jJs jLju! 4J y jJj J^aljtjaj jLut 03^i 4__t 4 ^ JLl^uVI 

(J^-LaJt j} iLLLu (jrl^ 4 jjIj 3^3J (a) 3 ' 4_JLa.*Jl ^jLllii CrJ4_tLk3 

^l3U .^L-3.U 4->.tiu a *-^a c-a «-«Llu Lr^jk-4 ^L_*—a_i 1 Jl*Ijl>.^ 4_>aj^UI 3j_3Ji (b)j t-A l .A i-uLuj 

t 

(6.12) 4J^bua £-a ^jl23~u -jljJ u^LAlLI 







^ S uj LmYt ji jJmjz 



aI$>4 

(MN/m 2) 



£/* ^JLlcjVI cAft? ‘ < - A (14*12) JSLa 

♦ ju^L>. ^ ^ ->J 


j^£\ aj\ (jr lxL 3jU elastic Limit 4 jj^JU j^>. 

. 4_^jL 4 a jlas l <*« j- x.'*S a £jl (Jju3 Lo 3jLa jjJj 
US j-f-iS La 3jU Ju>. ^Uju {j S all (yiy 

- Cr Jbci>s ^ (14.12) JS-ii >S.y 

^ \nr ill Jiaj Y JL^VI 3jLj j-a . lg j3~< m a LU>. jl * n >Yl 
^u-u->Jl j j t~n 4jj^JLI Jltk ^,.1 t**M La JllCj Lg^3^ 

jlj Ijl . jl_^_>.yi 4_j|jl Juli (jy UoYl 4 K i~ii] Yj 4»gjL 4 3 > 

4 i jJLc. j. < nS 15 * ~<J ^0-t-a->JI ^jLii 4-i-LLi ^JlSl -^L^Yl 

. Breaking point >o£JI 




(1.12) J> 


Substance 

gj-J (J^Lx* 

(N/m 2 ) 

O o 21 \ !^a\ju> 

(N/m 2 ) 

(N/m 2 ) 


Tungsten 

35 X 10 10 

14 X 10 10 

20 X 10 10 

^/Cli-ii -K-Li 

Steel 

20 X 10 10 

8.4 x 10 10 

6x 10 10 

t c t t 

Copper 

11X 10 10 

4.2 X 10 10 

14 X 10 10 

(jj/Laj 

Brass 

9.1 X 10 10 

3.5 X 10 10 

6.1 X 10 10 jJimo] qmIxj 

Aluminum 

7.0 x 10 10 

2.5 x 10 10 

7.0 x 10 10 


Glass 

6.5-7.8 x lO 10 2.6-3.2X10 10 

5.0-5.5 x 10 10 


Quartz 

5.6 x 10 10 

2.6 x 10 10 

2.7 x 10 10 


Water 

- 

- 

0.21 x 10 10 

*U 

Mercury 

“ 

— 

2.8 x 10 10 




S(4.12) (J£Lii —jL^>-V! ia aJ ^Lali (j_^JU -a <.*.■>U ^Jj ^4 La 



. j-, u< i~i (jl (jjj L^u_j^« jl*. 3_j4f -sL$j».b Ojjlj La lij JjjJall 5LLS L$j| SjUI JUL 
i <14 .5 .Sjj^JLI JUx (^j jL^jwVI J-uaJ (jl Caj. 1 -i 5 La |jl 4_2 l4 1_£jI SjUJ ^c. JL2jj 

ljuk {j* (14.12) JSL, 3jLU < iLLfH 





ISLoUj Jlij iSLulSLUt - JjVtf>aJt) gU^ual! 



(b) 


J^lJi ^ ^_i3 (a) (15.12)J££ 

4jljj_3 * . <■*.*■«* fjfJL 

pS (jUA /s» aj jt jJLU /_ r 3 ^IjjjLtuJLa 
. ^TUji^JLa 0^4 ^3 Ur^“ aL^U^M 
. { j r n-°i jI^^] j_pG Coj (b) 


p L **A jLlx>*\ 


4 ■j.jovdll 4-jj(^J,l ^J^La-g j 
^lc. j_uG t,dg.*.uJ oLll£ 


. 3 11 (J>aLjL^s 4_go]$ 



{jf&j- ■»-\* L^jlIc. (16«12)J< <ii 
j>-a-*J 4J iijJu=tj . j^JqGLq 

. J *V AH (jfJi j. ,i «~ ^-J r »J t <>3 
jjyLi 3jj -uaJ l ,^3 u. i . k ^-Uj 

*?L>oV! iJ 3 4-jt-.U iM 1 

• 4Ti4.tJf 4 j>»jV1 


(JC AB 3l4j^-4 - 4-U^2tft ^41x4 

Shear Modulus, Elasticity of Shape 

jjUj LgJu£. Cj (JSLjJ! ^ j i"i /)>5 J-Jvl UJU-A 

3ji^u JjLLU 4^>.jJI CU-Ca LgooJ 4-£>»jl J4 j<« Lg- 4 3^3 j 

A ^ >»! Lr «-wj 4JL>Ji <>jui> jL$-».^?lj (15.12a) 

< a Jl .*In J* a u g ^I ^i3 a z>2I ijtj3 . ^ -uaJS 

^5^3-J-^ 4 1 In 3 a 7 c.,l 4JLSL1 >.1 4..j.lr 

4. -xVliu p^£- Cj^J I ^3 -Ji3 -t ul Ujt O S> 0_u jjlj . Cj^ j!n~t ni g 


J. t jl t > LiUj iji-S (15.12b) Lg .£ 4_i_auLg_g 3^JL> ^kJI 

4_>.jjJ| pz c_^j^JauJI ^gj - ^ i^i°i jl^>.Lj ^jGu ^-<-u_>J ^fllLa 
V jJs j— ( _ r Lo^ jL^-.-vLt j-uLoJl 4JL^ 4 j1 
^aaII jl -^b • < It II 4. .•y. a j > ^ JlJj—Jtj 

A4_j>» 1.. tJtll 4-o—M/LgJll 3^ .a 11 (^a_j 4 .t _f 1 F/A 

cU-p. (A-f /h) J-A» ^^011 (JLljjIj .j^aJijl 4J JocJ ^jJl ^-Lu_uil 
4j Cj«jL>J! In * u II L^^-rtlu 4_uoSVI 4 _b L <,o1I Ax 
^J>alj»-a j_ouaj CjLtg^Jl tilij 4jVJuj >JI ^l33ji ^j5> Jl a 


5 = 


F/A 

L ^3il JL*Gj! Ax / h 


(1.12) ur* 3 ilri * a ps** ^ II iJ>»LjL-g 

/3^a ) oL>»LuJU 3ju>-^J 3^3 jJ^Lxg 3ju>.jj 

(N/m 2 )^l 

Bulk Modulus,Volume Elasticicty 

.Ir>< i's> 3j_3J 3 jLq 4jLsc-L<_u! ^yC. j—ljcj 4o-gj>c->Jl 4_j^i,l JjoLug 

LgJutC JoJuGaii a j\ 4-gJoolg 

4-c.j^g L^jIj (16.12) JSLi ^ Lg^ p* ^ 

uf i—iLjJi Lg^ 4 j>.j^/( ^gg >. ^UaojL 

^ a > 21 p*Ju LgJu£. ^^ 31J In~ ill, 1 i JuJ> jJj-4 




Ajjjlij )UwVl jjiJjVI i j 


jL$_>.Vlj j t tt 4^o-j ? e- -v VI ^jJlLjV 4JSLj< ^jpi ^-uLoJ! I Jufc Jul ^u.ti >JI (jLaj-su I jl . jjLa 

. ^ajuu J P — P/A <x*£Jlj .A <L>»1 <iii.l ^1 Loj^ii 3jJUI j I, l3 a £ru 4o-^UI 4 j1 l_£ ljju 

. AV 3 4 <1 ->JI ^?c_>. «~) iIm 3&-t,<» Ixj j ir AP = A F/Aj a ^4^* ^ i _ r lc. t <MI ^_jJu I jl 

L>^J * ^ ^IjUjVI ^3cx>J] ^L*j < <4 3 4 AV i^Sl ^.-laxll Ai 4 44^11 jJt ^4-^t^Jl (JLjLdjVlj 

^VK Jsex>Ji 4jj^_U J^aljua <JVjiJ ^-4-*_>JI Aa£.LuxJl «__3 jju 1 iX^j 5.12 AJjL*-* 

<jr+*^ * AF/A 


B = 


B = - 


( _ t a^>J! (JLiiu'ifl 

A P 


AVIV; 


AVIV; 


( 8 . 12 ) 


( 8 . 12 ) 


SjL) 4jV <>cL^ «U_jL»JU isjlaj JjLiVI i-5 i k <jic i SJjlxll t-iLlj 4 _jJL^u SjLiil 

(J -A .11 > "J .X . ti j ^djJLui AV ) ! ^44ij AP) JaiLu>]l 

Sjj^JLI Jo U ^a i—ijlii dj . jl^U J- i -i-«iJ ( _ y 4- jr _- > JI <Lj«yJU ^ l">« < 1.12 
l^J Sju*L>JI jji 1.12 <>■ oUU Campressibility iJaU^yi 

ij^ tt TiV jJjlj-cttil (jV 4u-ixa£ 4 _jj^»4 Vj jJj <J^aLft>o L$1 jj-o-J ^JSIj <*ill £)1 VI . 4_x4_3t>- 4 jj^4 

.tilij VjJ {J imi 4JLIaxj-«l j L^ wl 

Prestressed Concrete .aL^VlSUbL^^Lu/j^tJl 

<Jx3 4^al, 1 V< <wl {£ jJI jl 4 ^yicVl Jl>JIj ^_4^>JI (jL^ Jc>- ^ 2 . jl.^>»VI jlj !]}} 

JL 43 .I I 4 J 4jL-uj-_>JI V<i 4 . ^jLieJu u tl jl^>»Vl 3jLU 4 »j il~> L-a£ j~a ^ a <~u 11 cL i J l^- j ^jl 

jL^.^ 1 Jlj liU .2 x 10 6 N/m 2 ^ 2 x 10 6 N/m 2 jl^lj 2 x 10 6 N/m 2 tjj* 

^Lxll j\ ji 4 »l j-il j. j i ^ (jl—al a ^>Ll belt. jl "t til (j- 4 ^ . 4jl_txi^x>Jl a <~« Ti till!) £yC- ^Jl 3e T< 

. 4_uL*-*4^j>J I 




^yx 4j^3j 


4jL_fcf^v 




Cy* 



5^5 (b) JL^^' o_>o (a) 12.17 JSui 

UUi«-^ IaI a! jjp (c) L_J-uaJI (j_a 4 j^oJI a^ l„i •V^cwIj 4_jLj/j^>JI 

. Ju<i i*4>j c-aIxaII (jl i<^>4 < 





ISLuUjJkltj tSL u tSLfcU - JjYlfJ^Jl) 


4oJoy£. 4 _uLljj^Jk]1 C)LL>LjJ 1 <jp3 djJjJj 4 * i °ij jJoLLo y3 4oyyoiOi ClolS” \ jj 4. i«A <ji^£o 4_j L«_uy>J I j 

joLL^^LJI Lillj <jp3 <jAJ jdj (17.12a) cjLgLc jJI y* 4oJL>Ji oL^L-uil iViflj ^LitojMJ 

(jYJ . ( 17. 12b) ^-3 A--lZo ^-A jJb <ULttt^id! 4jyflTl] JO Ju>Ji ^yA ^1-LiAll J L^ZuyOO 

3 J_*_C>U (jZ-A-l j! . 1 ««H (J^yS Oo>vJ Ly>y£ TyO Jpl • i^VlYl ,_£y3 CJ_>0 yoZtSo CJ5^ 4oLi-ty_>JI 

L 4 I CoJotO 4oLuy>dl yd 4^C^ lu^all <oJLaYl Coly»£ J l La.m-iS ♦ 3y.-U-fT YLAj t ^jt 4_-4oLaJI 4-jjLi-uyidi 

. J) a <n.uj e UJj! 

^3 L^S” J.uujfl jL^w! 4_o1_4_c. l^olx. ^Jyjyo 4o Jo Jo>21 ^Ly-uVI Col J 4oL-t-uj-otll y^oJI jijy 

lJo>o q 1 Aoto y *Lu' 4_y^ji 3ynj JoJl->JI ^Lo.^-ui A -Jlo jJtJ j (17.1 2.C) (JSLlL 

J>L_yvl 4^_lC. ^ZLu Jo J_>Ji ^Lj-ou/! ^olj J_2u All j {j£. 7 **u ■> 3 Jl_2jJI oJi 3yZu Cured LosLoj 4oLyy>Ji 

Ijlaj . (J^o>o 3jjL^ 4oLyy_>Ji coUo^lo jJjl^cj Ijlaj .Compression Stress J^L*-uaol 

Prestressed Concrete u4 *«» &L*y>JI ^ylil 


V rj;.' iAjlL^jla <Oy>o 

<j ^5xJ CliOOtO JfCrJI ^3 LaS ^JjlylLo Jy3 OJoJlOV 4 ^ -po 111 £_Co 

4SLia <.»VI (—Ao-aZoLo JoC. A AoI ^Jl JajLtZo! . 3 CHI Ja Jo>- ,_^3 1. 4 g i oJ 4-^Lx.u.U 

(^yLdt 4£LtZLi_aYI ^-Lxi-u <Joi> . ^tois .yotoj 4^ Juu^'l ^la_4_u ^Jjjo^o O*o_sco 

<Uo^lo f <1 M 1 jLL S4^-io-cu>U ^Jld-mJI ^La-tudl S July daJL.;X cC.o > 0 

.^yLxll ^c_La-udl ^yxA^ /yJ L^ojL^j jSt£. d^So^JLl 4oCj«yAdl 


2UaL46.12 ^JIa4 

4-yiuO>> 4ol^^J pLSi JU.U jJ ^J-Jto_i_uJ ^^tlotoo Lua-S 4 _j_3j (10.8) ^Jto-a j-^Jo 

Ijl tyJL^aJI Lii^Ci-uI £ys ^yl_ioa_osj 10 IT1 4jyLs -^joll ^-La3 j_A Loi 940N ^JolSUI Ji—<aJ!j 

.t>Ju4i C-Q>o 0.5cm tjf-4 AJLkl^l 4J (CjJLokjV (j! loJ j! 

udL-xJI j_LxA_a {j\ ^ysyAo L-OjlLxtl (Jjt^Jl >o 4o>. 1 .m a 4o3yA_« 1Z<£ l4 j ^Jo «JoiLji_xi uluyu yJ I 

.(6.12) AJ jlx><3 y i<dl 4J^*^ 1 4 j . jSLtlJI 


AL/L- 


(940 N) (10 m) 


FAL (20 x 10 10 N/m 2 )(0.005 m) 


= 9.4 x 10” 6 m 2 


r = # = 


9.4 x 10^m 2 


. t 1 . « 11 ^ t-V A 1 St Ls*\ t t 1 i / tl-%. /j ) Iflj 

= 1.7 x 10 _3 m = 1.7 mm 


d - 2r - 2(1.7 mm) = 3.4 mm 

. 4jj-<ul>JL1 4^4Qa 11 yfl 1^-^B aI Jiitlu-ul ^jLa^l ^J^sLlx 





^SujlIyiVl t jJLC. 


^ (J-4 JtaUurtll '-§12#7 Jli-4 

1 ^ jlr, J—jjll *1j gll uLa i <>>j ^1 ^ ^JL) 4—LaLat-a 4ji JL_jJI (jr B O—iL£ <£lajuzjz j.a i«o^M t j_4 3j^ 

£»Jil£. Ja_i_iiaJ! Jjj a C ^Jl Jolo^JLI O-J^jI * ^aa ilr>II iln> 1.M1 J-&J 1.0 X 10^ N/m^ 

*Uti ys&j£l\ Lsjuc. j-±H jIjlojo Lo 0.50 m^ ^i^II S^SLH ^»_>. {j\£ .2.0 x 10^ N/m^ 


B = - 


AV = 


4a^^e^»Ji 4ajj1\ jJjaL*_d i j y jQ : 

A P 

AVIV; 


j-y >jj JuoV! vt-it xlail JLo^j 11 K 4 j . J-Iu^/I Joi-uaJi ( j>3 j-lj 


il ;Ut 1^11 <j1 O-i> 

Luj A P {j l 


A P = P f - P i ~ Pj = 2.0 X 10 7 N/m 2 
... (0.50 m 3 )(2.0 x 10 7 N/m 2 ) 


AV = 


6.1 x 10 !O N/m 2 


= -1.6 x lO^m 3 


^jac_>Jl ijy ^ {uaa.i ^3-*-^ 4_Jl_t^JI 


SUMMARY, 


j. i io ^jLuU 4 _lLl 3^3JJU 4 .j ,-wjL>Jl nil 4lm rr^A OjL£ Ijl ^jl^jl 4_1L>* JuoL^Jl ^^>J| — 

(Jj I ^ *3 ^jLcuJ 4 _i L z. f k ~^’ ^ uaj:t - 4 J 


SF =0 

Sx =0 


( 1 . 12 ) 

( 2 . 12 ) 


(jljjVl jlm j-A ^LUI uLa^— ^-JL-2 —ljVI t-La ^—uj 3j^ <-La^ ula)l^ 

^£$211 JuJi_>»J ^J, lali * u 1 <_LLiI ^yA Jl^Xj ♦ Jj LaU £yA ^ 1 -1 ^ .-4 -> ^jLLa^-uuJi 

aiJ3 3-^ >Jti . 1.12,2.12 ^ILljl. -*.a ^oitJLi-ul ^CJ L^jLaL^u!^ ;£j_Ji]| t f \ l! 4 jlr 1 la a .. a 


.oV^Ld) 


j£j~aj . jiuii y^j-a ij^-A j 3jl>.i j 4Uai yy l^jI jiyir i 2^3jJU 4aj3L>ji oy — 

.^Jcaillxi 4_ujL>. ilij 4i~i^J \ j^^yA ^j.la.n ^iuoeii 

4 J A^ jO-ljfel A A a! jLitl Lo 3jli 4jJjJli ui^-SLJ 1 't XjJ “ 

(mT) ^ i Vlj . 3^ ±L. 11 I 4->*jjJ jjyj Lt,2 A jJt ^ iVIj m**fl 3^*^ 4 jJl>JL! ^->3 L_-tJ-uLuJ 






BuaUjJjtj UuiUuit- JjYlajaJt) 


4 -j 3 >_Ii JaLla jJt i_ouiLu}t OjIjj £A i .. ..1 Tii 

jL^V! 

———-—— = iiaJLI JaLa-a (5.12) 

JLkV! 


4uC J. I t_> 3_jjs j_pLj Cl ~>.i 4jUa5_ia}U JljsL^J! ^a i u ■>* 11 4_ajULa ( 1 ) JSLjJI j-i it.~il £-j^j| tiujlu JL>.jjj 
f_ya i« ill l q usulj (j}j£ .jVjjVL 4-Ja.ljLll CjLyi , nil 4ij_>J JLaL»JI >JI <La dl 3 a (2) y jJu (Jai « 3 l 
4jj^>i.l JaLaxJ Ale. J+JU £jUI jt JaL»JI ^ .11 j.11 <LajL ca (3) JaLiaj Ale. JU 




4jjlj uLjjjl j-a (1. ,jl jijj ) JjUj 

SYjl I .12 i JL — (jUflj, Lj U\ Jl (jA (_£ I iJ—jJLl 

(jl Jij-ia) I jLi jLt.3 J 1 a III.-w jU3jj 1 a, t if — 9 

£3 jlj .(jlSLaVI jJl^j lujj-a^ (jj£u 

(ji (jjj 4 j£JI JUc Ijj) 

4c.jaJ»- a 4litaVl q!i*< iLc j — 10 

L$cj <» . < (jjSu <*'»,■'»i j»IJaJ (jie. (_£^2JI (ja 
4JU (_ y jj (jjiJ attXitl (j| Vj • _^Lfauj 

4li.<n jqj ^3-^- 4-Lua-st a Cj-ajjJ’i l!i! — 11 

^UaJJ! jJ-6 (a) j _ <2 _ua i_ <1 ^3 ,1 -w.jj 3j. all 

4j (b) cdJ 4 - l^ iJ L jjJlj *" 

. l ( n 4 1 , u \i i 1 4 1 !i sT< 1 1 

j. * iVi Jjb. JojI—>. jlZa i«j ^-L-« [ 121 

CJfC Ijj ^LuJI ,.l 1 -U3J Cjjlj (jl JU. L> 

S(j i l l 's . JajkJI (jl V] j L, J a (jdjVI (jl ^aJju 

.^uy jk 

La SjLc 4/u.i.flJI <LLij^x.yi JuLaJLI (J^Ual — 13 
Lgj jjSLIj 4-a-jLu 4 __lo_uIj 5,1 a cl L^j jiL_' 

(j» 4-cjir^i 11 AuJLs. jfi oLLjLLI (j_a (Jj'511 
ijl (jkaJ Jji . L^ilka ^ JI_yjV (_,jJI 


QUESTIONS fUluJl 


4il_>. ^yjS ^Ul_3>Jl (jj^f j' (j^*^' O’ 4 ~ l 

$5JLs-Ij <LcvjLL 5jS 4jlc CJjjt Ijl (jljjl 

4JS—3- (^ pm. -> . 1 1 (j^ki (jl (jSLaJt! (j-a Jjk - 2 
.j-usj S4Si^>. <Jk (^ (jlS Ijl (jljjl 

a! hi ^-Vl a j J5 *11 j_5>_^a (jlka — 3 

2 llj U . „ I (c) i-it'va (b)5j_^ ( 3 ) 4_aJo5.lII 

. 4-aak 4 j^JL 

^jL_L £mj jl (j£aJ p.m a>. l JJ-UI j-Zjmn - 4 

.5JUJI aJi^j 4jLa^l (_>ku JoC.1 p - -" 

(JUmi I ■ ^ I 1 . mi _5JI (j^a 4_«L 4 jU f. ( — 5 

i>“ j l - a <“ a j ^ijkLLj (_gji. j . 'i . ^ l 
at j hi VI aJu& ^a,l V, 5 1 < u~i t hi 5 (j^l f ^yH 
? > , uiLII 4 ala 5,1 (JiJI jSjjs (jtSLa JU J a-5l 

4 • La (jjjjuXl jt.a 1 <il,I p, ^ L5 , ,,l : 4 Lj I a ) 


•(V 


Oi 


I <3 


1$ ur^- uj—L ~ ^ 

jaii (jjki 

4lLu>- (^Ja jaAa_>JI (jjSL (jl jSLali (j-a Ja - 7 

L)ljj-JI fijL-^ I jj (jljjl 

L_Jjl_4—C UJ J_3CJ 4 J if. 

S2lC.L-uJl 

(jLjl 1 ujl a ^_Lua4 j-i-Ij c^lm ^3jJ li/> —8 

?ciaj_u (-4 I>J LjjL_>- i ,.*, j 41^^11 


<&) 








. Jui^JLI ^tu J-al£ JaJI = nj ^ _L>U t4 In IJJ^i.A tS^u^uLujO Lou-4 — 3(2(1 


http:// www- sanunderscollege. com/ physics/ ±$>-y* JjsJI = WEB 


4_ticLij f-Li j- ia — 


^JjLcu-L! J.J.A4 t. iiu UJI — 


m 


^i- v . V~i, ,iL /i^kj £(j)l = Q 


(P3.12) * A 1m4 £ u T. 4 

I Jolc jlIc J 1 ' 1 " * ‘ . ‘ i ^ 2 ! i J 

xO-SteJ Z 5 JLUL < - <j is\ dll j i-it X 4-^a 


. jJu.^3 JJJ-OJ O JlxC 4jj^aaJI 




P3.12 js^i 


JulUJ! ^j-4 4_4j^ 4 jjLluu/ O-loLc l_JLLd — 4 

a-.-v oLu^>—5 iSjjLJl ^LjVi J_>• i 


^j_>- ^ 4_Jd^JLdj BjL-i. i-ull 

-lie. . 4 -j^-S 


-4-C, ^L_>ul J_y3 F 33_4J 4. 4 u-r> HI A 
3^-?t-i!uJl £JL».j 3jl -uiuiJI ij \.j Jia_>Jl 

iJS liU.(P4.12) JLi £ru_4 J-^ L-o^ 
500N 3j-3jM j!, i.4 4 o^j tltH® j 

. 3jL^Jl SjjJil 3^2i! Lnnvl 


(4JLv 



(jo?) 


(jljjYl Jaj^ui 1.12 

bat 4 jU ,\i llLo-u baseball Jj-i ,,„ <_-^V - 1 
Oa Uiiill Juc 4jJli ^Jl>-Ij (10.0 N) L$jjj 
.pljjl 4JL^ ^ 4_.k^,llj (PI.12) JSLi 

lU -V. jlj_j_fll 41 _jlrt. ia.ll (jj_3 

ltu! . O 4isii]| 60.0 CITMjjis 

i_^c^UI (jjll (jljjjJI fO~^J Sj_SJ! 

.4 jlrt Milt u^£- 



PI .12 JSui 

_s*_U 4_«)^U! da a >_jJ! t.t" — 2 

(J—aYl 4 U«i) j_i. (P 2 . 12 ) (JSLi (jh (j-wii 

. O 4 Uaill , 1 if. (jljJjJi f 4jjl*d 



(J- '—i £ 4j^laj tn^ 4 ~< 1* ^ jO ta~i i a 

£j\ t-i'oj Jiic m 2 , tn j 1.4 ^ j ~'~< *C jj-GJlL^ 


P4.12 J S£ 





(2Lj^! > sbJ» ISujlSat) - JjYt eJaJO 


^i->, £ ( jr lc- jj. a. ^—aj CUa— t-o—c J-&J 

jjo. , y=(x -3) 2 /9 «GjjL*_>3 /^^LsLq 

♦ all !o*J J£jl (jy £—ua^JI 

j| 



P8.12 ±^sLlu 

WEB 

5,0kg :yr L aJLU) J2JI ^yfi U^l til \9\ 
j(0, 4.0)m j^j_c 3.0 kg 3 (0,0) 

(3.0,0)m juc. 4.0kg 

d\-i *j 8.0kg 2 4.1 ~j£. II jjjl 

5 (0,0) jilt iu_,Vt J^U JiJ! 3^ 0^4 

j»i— lu —i^-l qj-jj (P10.12) JSLi- 10 

^ojL_ 5 tMY. >aj« iuu^ua 4 1 4,_ 4 lalt I a 

^4L» L^Lulj^ij l$k£ 

. (jr 3 gU^Jt 4 

{jA ^jLC. 



J2ui\ j£jj* Cy£- Ju>« 2.12 


x ( _ 7 i-c. 3.0kg <bjj ^4 < <t — 5 

4.0kg <u)j x =-5.0m xic 

x=3.0m 4U^;!1 X J^C^S - J7 -b- 
{j£l\ ^LkiD J 2 l I I j—£^.—* j— 


. (>A-4J-u^>J I 


L^J R l b. 3 i a 1 ✓> > 1 t-s 3 — 

cW, JuJ. {ja <L_cj 3-^° 4 .a. La 4 

^jJbJb . P6.12 iJ7 ^ 1—4—^ R/2 LA^Jbfl 

ijM- C C ^ 4_L£J1 >3 

^Jj C ^ya 4^Lt_uit lJV jljlusl 

4j3bi£j u R/6 i^jL^j C 

.^/^LoVI <E4 laT tI>a i^ Li j J l 



P 6.12 JSbi 


( _ jr ix. jLscJJl \ $ a, i V "t t mi ^ill — 7 

(P7.12) (jyS Lc-£ L 

. y^jA jjlSLo 

4.0 cm 


-1 r 



P 7.12 J SL& 


t t nl ^.4 (3"4 3jl U.U ^3 3 4 0 j l lit 6 — 

jL mil ^1 11 ~il (P8.12) JS2ii CP-i—* 
.3.0m dJjLj 1.0 m 4—c.1 j~i 3 l 3 5.0cm 


<s> 


P 10.12 J SA 
















'• ‘."V, 


3j— cl—]s ij-^3 4.0m j—jl_s ^lc < tfflj 800N 
jVpVI oLi$ <Jc. jU-ll &1 (b) (J-uJI 
9.0m4_al ^LkU l-aalc 

cdl£L>.VI U_ui>I .^1 /.ill 3JLC13 

til l j 


(j^lc ni j L 4_llau' ^ — 14 

(a.) (^^LaVI ^.4 0 4j^lj £_‘‘^13 (j-ulal lL^jLv 


j 3 Jj tjr lil 4 \ < 4_oJa_3^/i i_x_i_u_>-l 

<_3_3j l_4wiic ( a«Jl 3a cLa ijr lc ■ l j^>j ^i L^j 

x4_sL^_c CT k. m 2 4Jil£' ^jJI ^ILdi J>.j 

LiLiuj ( jr Lc ^JLlo JI (jl^ 131 (b) 3a_ci_aJI 

Cr^LLJ.1 Jjwj -£ I-aJ_Lc jYjJVI 

j^al -t 4 jl Jua 4 l__X3 3 J_cL_3J! /y3 d 4_sl m 4 
^L«H £ru if3 1 £ o »Vl 


o“i 


u*L_<i5 (P15.12) 


15 


-(_ ;r 3-31 ^Irw« (j-4 jL 4 ~u . u a JigfcJt ±mJ 

La£ L^-fll 150N U>jJl 2 3^s o^sjJtl^l 13] 
3j 3JJLI 3j_3Ji (a) ifi. r*i 11 f^s £fLj. a ^a 


3j}.3li (b) . —coil 4 In i rft^J 4 < all ^ic 

jL^jjl 4.Lv3 j ^Ic. ^ mi II I g j 3 ^jJ_j 
^- i^j 3^_d! I (_j-y 


. jLci-u-cli 4 jjlj ^5 jl 4 MtU ^ 1 c L$j 



I I 


5v00cin 


P15.12 JS^ 


IU>>Vl ^ylc 4 .LL 4 I 3J2 ft ^ 
(^SLuLui/l 411^ 

Cj13 3^-jjl-uo 4j^C ( _ r i3 41 3.x 3 ni ( *_Ooj ;jr i_u3 —11 

^ -V ^L^aY! ^J L^_*_BOj J^Ij <yuisc. C 

La£> 8.0cm 4c.lajjl ^-_>^Lo c_JU3 
4-jjl^_J 4_>J_*JI ^Jlj^ (PI 1 .1 2) 

Mil 3 j_jJJJ 3^ 3llj t^3 4*^1 15 

4lor »11 J_<, 3. ts~i ij 400N 4J_3C_!*JI ^Ir 

ol cH-1^ 4^-Ul L_x» (a) 20.0cm 

4js^_jkJl ^JU ^Ic ^yj-uail L^a.L.Vx mij 


i>L>oij ji \ rt4 La (b) SuJjlaJI L.Jii ^ t> 4-T> 


-^_Ac <_jj_L=JI C.JL2 L_^j jJjJj ^gjl 3^ 3II 

_5 4J.-»-. til CjIJlj I_ojJ_C 4 J^c__*JI 

^jl oVLkJI £ jj ±.->. .< *JL5JI 

—I—c <LjL^_-o {J7 ^ C^_jLj yj ]n 11 



P11.12 (jSLor 

50.0cm 1 a ^)i» 4_al i,iU - 12 

4jlj—jdl ^lj3 jlS^Jjl 4 U 3 11 4—rwlji d*J J—>. 

I—a i 3m Tft,l ^c la j xj 1.0cm jig. 2a} 
Qj^JI L^j ^3Lu (_y3Jl 4^41 4 t miiII jl J. 3 a 
L$_ iJ—>.I 4_>.ljVl ^Jl Jb ^jLj L^.lc ^_a_3c_uaJl 

J& tA" o* 


4_j_jlj jJLuajj f^uLa] a. ^Lc. -■) i j <i_a 

(.^ia-vl (a) ^jlcJLl £a 60.0° 
(_ T lil (_>i>jVl I 4 J ^>Jp 4 .j2’9VI 

4jjj ^flllna (J^-j LaJ-iii ^al<»I1 aJLC.1^ 


500N 15.0m 4-Jj-Lo ^ lag C4 ^alLi^ 13 




P19.12 J ££ 

JSL Zu 3j^ t 3 i.1 (_yic. 4JL.3V — 20 

4 4 "w 4 1 ^"ijt£j 1.0 m Ujlr>3 (P20.12) 

jib Lo (^^3 L*£ {j4x2tJ 43U 4 

J£j iji*l\ 433 5Ui (jjj u- 4 *0-^ 



P20.12 

Lft^JL o (J£ (Jjlo (jl>4-l l LMIA (jUli — 21 

(^y-O-3 ( 4-3 L>. (_yic. »(jlC-J-ioj-jS L, 

UL£ 1 <v 4 it <s_g.^_i (P22.12) u'lf jl3u 1 

(jij_SJLcuj (jl (j£2u Jt-> ^■•un.^i Oic. (j^3i« >° 

. J£43Ll-uJ, 1 t_ i i.u'N.l . 1 laAiuU (j! (j^i £JLlC. 



P22.12 J££ 

lij 4 C. (ji-jLjjJl J—>-! — 22 

j~uG c<-"hj (jljjl 4JL^ 23.4N l_4jjj 


4 —iJLj 6 .0m 4Jjls ^ tw \ a t-4.ru >. ^-jJ —16 

(j-t-l3l_3 I (J\ xi-LS^i (J\l 1J rt4f £j-U3J-4 30.0kg 
lips 4.5m (jj-L-t<3a1 (jv ^-^L*«-U * 4 JI rt <4i 1 
• ^lu >J1 £jlli (jxa 1.5m 4-1 jls (jk^ 

.4JU^J1 (_yj.iL>. jl>! £jl_> <3^ 

(^1 cylj • Lxt»ij j3 ^LSLcu ^qu-uj 1 

70.0kg 4-jlHfT t jL3o (JjaLc, ^-jpalLuju 4_3L<_o-4 

cr. 1 -' k ^ 21 (j-* 0—^ LT^ 0? 

£>Ui jL£3jt 42a^2 £jl-3. 

4^ (J-ijj_i (jl (_^3 i j. u3v3ll 

L^Jjj4t>a (jA_> 4-3 1^ 2.1 j 1500kg Ifljkfs 5jLu-u j 17} 
itiil >-£>- 4 3 3,0m ur J±±l\ J c^L-oVl 

4_3 1 — ljj —4 (_ T 1^. Jta-i-ujit JLx> (jy-k 1 4jl j 1 a 11 
3 j_ 3 Ji t <ni->.l .(_ r j 4 L>«Vi j^->JLt t 3i>. 1 . 2 m 
.41^ (j^>jVl L$j ^»j3 (^111 

lO.OrrwJjL 4 * U3 4 jj, A.c. — 18 
1.5m Lg c LojjI 3jlC.L2j 4 k>L 3 t -4 4jJlx.13j 

j. j r. L^-ii Vj LjaLu J< rJI 4_*_jj_a (^yjkj 

JJJJ . 51-j 1-4 £_LOJjl (Jj 3j^ 4_*J! (JJ_> 4-4 SfcTtJJi 

(j^o — 4 -Jt. 11 4 4 4 (jr Lc 5.5N LajJU- 9 3j—3 

jj-4-*Jl (_yl^. (_y3 n Bj^il 3llj .^yj-4-ili 4-_p-Liji 
(_yll! 3j_3Ji jl.JL-3-4 t_ 4 ia, 1 .(jljji 4JL_> (_y3 

(j^S (j-4jVI Uo_ll_>Jl JajL>. 4—4—3 L^J jjp 
3J-3JI tillJ l.^ Ju>jl . Jj..4-»11 (jr^ 1 ^«- lL -^L-i]| 

(j^4 j_lojV! <—«_iL>JI tlajLv ^13 L$J j3jJ (_ylt]| 

. (jyl^- 3 Jlc.L3JI 

/j^_j 4 3 \* - 4 40.0N(jj_J 4 jj- 4 4.1 4 ol .< n — 19 

^1—4JjVl (_^o-4J (_yl£. O^J __4 (j^-J_<to. 4 

4 ..Loll ^L^ai dxiJI (P19.12) 
j-4 0 = 42 4 jjI j 1 4 > At 4 , 1 1c. 

(_ylij| 3j_3Jj jl.x 3. 4 (a) Ik _jA 3Vi iU-^lt 

julil (b) 4 L_oLJ 1 (_yijC ^la A 4 (J^ L^j jtijJ 
/ 4-Lsj—Jt4js) 1 ^ 3 iA J-t4 JL-UC. 4 1 d ..I,,. li ^y3 
. 4 1,,. 1 /,, 11 t Ji 1 ^ ij jtSLio ^ooj] (b)^j.Tril 


( 506 ) 




gySLljCui/Vi JjIJjV) XJJUijL ^jQil ^j<rtdltl 


L$->*^yliii 4-iJLsVi 4-31 .tilli t_< < 

{jj* jJSLl ^j\a <<«H inil ^^1*11 
Jolla a! 1 H 4jJj—4 J_4l ft 4 .,!j—oJI 

.3.0xl0 6 N/m 2 ^jU2 

I j ~, l~ 5 d <jUa 1 It 4LTL—_4 — 27 

(j_4 L j * 5 tjl Aiti a l -,U 30.0kg 
4_<uJ (_£}_£j OjL£ l a Lu 2.3cm «^la3 
0.110 s juu iiijiai! djJj! j^j . 20.0m/s 
jljl_S_4 La lO.Om/S 4_fcj- .,*1 
SjkjLuajJl jLul jl a mi U (_yj (JlttitVl 

j *- j^ul, •> i I i 4—.V- ■>. <jl_S' I j] ■ 28 

■ 1 JSf c-^.3.1. 1.5xl0 8 N/m 2 

qLZ Ijl 10.0kg ^J-O—>» ^aLjfcJl ^yA 

.4jj^JJ JL>. ^Julu V <jl LJjilaJl 


4jUK 1^*11 All <<*4 

2.0lT14jjJo << 1 <^aJl ^4 (jr j\y)n *41 <ii — 29 

3j»£j j^-Js 4.0mm 4 _ «La.^ — 4 ^ U 4 

J^w tj il]i£La ■•vVl 4 4J. 1 r 4 A j 4 a- 

ci>kllj 5.00kg 4l^ 4_j__b jix -4 cilLuJI 
3.0kg LAjLx a a 4$u£ 4_jJ 3 ft. 4 VI 
4 LSI cdiuJl ilUoi^Vi jl j2.4 

^40 - (30) 

JjjJd rf 4,tIrtS 4 jJxflj L- 4J^lo c-JLuall 

ciiluiJl cJiljJol Jl ->>\ frLi-oJba 4 h j. a -v SjsSJ 
4_L£ j^>-VI L_fl^JaJl j W j 4k£ 4-r9 J)-U.4 
LaJljj cIUajJI 4JI lalL t «1 jlj_Ja_4 L_4 . 

$4£^a* 4JL»- ^J3 

JLl ,1-4 4_j3Li£^,.^1 - (31) 

>. ,L2U » i'<~> 1000m 

jlJ^^hJI *L* aJiLLS) 1.00xl0 7 N/m 2 
(1,03 x 10 3 kg/m 3 ^uA\ 

WEB 

Udluall ^ u^ill jL_ 4 _>.I jlj lil [ 33 ] - 32 

. £k2-Li 4jps 4.0x10 8 N/m 2 (jc. 


SjJaj 4 ..1 a ~tl 4 Jl_u U t 3_$Ja 

f~>. I . $ 4^ 3 >l,~.H . 1 j» D ^ ...i 
. v *r au;;l l (P23.12) 
D j U i^gjliiaa < _n-xi . J>j^jl13 



1,50 m- 


8.25 m- 


P23.12 JSul 


-’4 |>l ...vMtI12.4 (4(»iill 

1.5xl0 10 N/ ^UiitU jyJj ,>L^« ii' - 23 

jAj *j! «« 4j 1 I 1 J_sej jft t^« II (jlj m Z 

U (a) l.SxlO^/m 2 ^^! jL^>.J <uk. 

4 4 !r» C- ^Jp (jl « 3 -is J 1 *> l (jrA 

tjl J» A (jL^ 131 1 V tftl 

.Ui i>. jjJa Iil (b) S 2.5cm jji L^J 

^ U *- I d ^ jjl ^IjLdjd ktt J .1 4!i I JL^J 

. 25 cm L*J$L (jK Ijl a.U,.'! ^.lj-j 

j . < 4 i K <11 1.0mm *j t»4 ,_ 1 1 is-t i ( lIn, — 24 

^ jljP i<Li .- 0.2kN jlu/ 

20kN 1 1 J. > *~m i ‘11 11 < H Iju& {y> 

. JjISLII Ijla j»iis 

i < l 1 iu Qji (3i-«_« 200kg «jl j_3_ 4 (J-ij j251 

0.20X10 " 4 m 2 4 .U 3 . is-L^aj 4.00m4J^ls 
La 8.00xl0 10 N/m 2 Dj! jJL*c jJb 

■ i ( lLaH J^lo (_yi SjL^JI jljiia 

4 J 4j_3 (_y4j (jLc. •‘i tj-ik 3 — 26 

liilSL_>-5?l 3 ^_Sj .JoUail 41 ju alj_ 9 . 

(jjo ,_)£ 49 .Loi^j 20.0N j»J3 LT^ SjjJIt 
. 5,0mm 4< < ,»j 14,0cm 2 ^^Juj 



\ l£ ut uJjtj ISLulSLU - Jy¥i 1) *b^uiJt 



J 


(jQ.xLi3 UJ^-* Al23jx>. iJ5> *-" 1 J^i ~~” 37 

26,ONI ojj ^ N ~* A *-* 

4 a. a!I Tya 1—^ji ~i a t ." 43 < 1 .OmL^J^Ioj 

1.2nuJjJd t _ r -aBi til Luu Ljt-o tn4.4j 
jLLVI (P12.38) JUl ^ 1_*_£ 

tilluJl I j) .jjutLs? ^Jox-q ^ 3— 4 
jLbVi 4_xi_9 (j! Jljujj ^uJcxS-i ixC O-uILo 

<^3 j__jJ! < < i.i -wl 0.65m LajJlJs 4_al 



<>» * < (17.13c) JSLi ^1 SjL^Vb - 38 

L^J^-b 4jLil iu 4■>• L ^ 11 4ji— 

J>.Ijj .50.0 cm 2 L^tkl^s 4^.1 ...aj 1.5m 

CjljLa*! ^3 JuJ^- j^xxu 4 jL<-«3->J1 

1.5 Cm 2 4*bi2^i 4 _>.L-u- 4 4jb-u^ieij 

. 3j—cSLJ! „l lc ^ j ««)1 j 

30.0x10 9 N/m 2 4^L -^j _stU ^-Lj ( J^al «. a 

£>c. Tj jl J uJI ajljjj 4jl _lmj .•bJi i—si 4>• 

tin t i's*> kJ <bLxu^J>Jl ^-U-uJl 

iaLuJO (jA L» (a) 8.0x10 6 N/m 2 «jL 


_I! { j r rt _xiJl 3j) . 4 jjbl ~ 2. xs c-*- 

^>a Jtb3I <i /<a jL^-tju—4 ^3-^5 olju^w^/ (a) 

<3 2lj cjIj_ >■*$ (b) 1.0cm aj. In4 c-xl m II 

t-J-A-nJ! ,^y-A (_y^j -3 1.0cm 03 In 4 

.0.50 cm 4 SU.** 

u-JLunJ! ^->31*11i,u 13. In4 ^JJsi 4, 4 u<—>.1 (a) -33 

4jl b~i_t-ul 4j CjJ—> u 18.0 m 4i£b 

^.1 Ax**! 1 4Js^b ^3 *..> La^ uc . 9.0 mm 

&l£ &! (b) 380 kg LajIj—^o 4ii^ 

3_4 t —<_1 x^ai J 1 t*l_ 1 .L.U.J 1 S 3 — — ^ 1 4^33—1) 

7 , ;-■ <U ojt_^y Ja 3.0x10 s N/m 2 

.<i.31 Ijl^j ^3 ^tjQt<t 4 

,.^j 3 ,LU j— $ —1—«ju£. 1351 34 
,^3 tint *3tll 9.0% 

^j^uLaJU .4i>.iju ^jji juo_^o iij 3jbj_tuj 


. 2 . 0 xl 0 9 N/m 2 JL 31 ,aril 

^jl^lTi <.u i ^jb^xll ^Luu ^Lul ^IjjJ — 35 

50.0m 4 Jj 33 


jl^ HI 

4isi^int ju>.L) ^31 t~ij LajlI^. . 10 mm 
^3 4J1 In u i al ill Jlj>o 90.0 kg4.x-l^ ^Llaux^s 
^_Ij ^JjoI t a . 1.6m bbji, \ ^ a 

tduJ&iuiS ^jbxiytf 

8.0 xlO 4 kg4 ~«.h 50 m 4J3I3 ~ 36 

(j_«s . i. *|A f\ uiL. _t J j^J ■* 

.(P37.12)JSLo, ,^si ^ & ja 1 ^5 

3.0xl0 4 kg 1 5 ~ 1" 5 4-q.I Cia 
_ja Lo .4 ojL^j jljvI {_y* 15.0 m 4_at .u a 

tN til Jl jc. (_g^jjSL!l o-Ia — ill jtj a. a 


( 50 ?) 



(S> 


'tesjiss ^rpy t *^ 




P41.12JS^ 

£jl_>JI jji <n 700 N <ujj u_o — 41 

L$J <lL_u (Jj .^jJI Jj) a r, (_ r l^- 

ih Jaj) a « H 4 j 1_go (J? _5 4—a_L*_<a j_j_:w 

200 N Cjj^j \a —a—*Ji. (PI2.42) 
80.0 N^jj—j 4_1 joJij 6.0 m 4_Jj Lj 

S^oJJJ ^ alt 1 j_ —ud^ 3 ^.ujl (s) 

(^yJLc. t_jjJI 0^-^ l— ajJlc. (b) jj 0 til Lr JL. 

1.0 ITl ^jL-cxlj 3j> <1 «11 4j! Jo i j f ~a 4_fll_L-u_a 

& fy a ^ I ulj L L A $ liJLLt-uJ I ^J3 J^J i 4_4.^4-0>-1 

jVI Joji -kJI LgJ ^_ t jJI 

Jb OLJI lil (c) 

^-.L 1 ^yik !—<0 900 bl Oj i > L £1 <3 JL .Ju 4^1 ^ t 

{j! <J-i_9 1 4 « U 3 J (ji OJ jJI ^xtol mj 4-31 til A 

. i^lLcuil j_Lx2Ju 



P42.12JSLS 


JULJ ^SO.4 41T1 (_xJlj_uJ 4oLuj^j>J 1 1 gIr^» 4 S\ <1 1 

{^1 CaJ>0 (b) 4_Zc ^oij IjV! J-jjl Jljj 

^1 I l rt 4 3 La (c) j I J 1 L. I in T^J-^U 

J—*_> ^y L/^ yi 4i^_L {j-C. £to—«-u2! (jr^ 

U 4oLx-uj_> 4I Cu<4pi LaJU.C. (d) JuiuJi 4 ilar 
Jil\ 4_ol U_1_>V! 4J1U ~ 4 ,^ \ ^ 


4i > LJ 


xUL 


r 


L^jJ^ cii-LuJU 


Tj^^1 jJuVi jlA!! jljJLa Jowjt (e) 

.^Li-u^j>dl i—J l-lC. ^ JOfcU_ul 

M Lg^ilSj R LajJsxS ( 3 <«-"> l 4 u 4 ^ a 3^_SJ — 39 
(P40.12)J£jL i a £ {jjS Cujl-u3J 

t 4 441 .->>1 .»U ^ ILIjJI 4il)lj 


JL/ C. { J ) ^>^>A\ {j-A Sj^Ul 3 ^jJ_U ^j,-all 

. ^-oLaliJ! ^ ilnrt ) 



P40,12 JSli 

4jjj ^ 1 4 44 (jyl-C. (jl 4 44 "ij 10.0kg ’O— 3 ~ 

.(P40.12) 120N 

<jljul_4-u5 ^14 44 1 ^ 4 Aa 4ojl*JI ^LloL^JI 
4_L4 _l1Aj_uJ1 4jL^1I1j $. \ < > 4 1 a ^_Lxtul 

Ju-Ju 9j. . ..I (_L^jL>J i 

1 -j -4 —i's -)jj i—a—i_uj ^u-uj! (s) 1 10 N 

J. 4 LII i—I (b) 4,j 1 r. 3^3^_L I 1 * aJJ 

JjIo Jl le. Jj—all 1—ajJr. i >i!l ^yic 

1 . i...<.4.4i •%-1 (c) p L <t! I ^ylc. 1 4—fll 4 <411 

LfcjLJLo-^j ^jl d 4-^1 411 a 

O*- J-}-£- j4a3-U (JjLjS ^ 1 4 41 tl 

. L diluL>-! 



ISuilSail-JjVujaJl) 



P44.12 JSLi 

WEB 

2L1 u3^ ^ laou-4 145 1 44 

CajlI 4 ^Ji-9! <■ iu 3.L Apfl 4-31*. a 

4 1q < «<l^j jj..X.A .o j 4ijua 3 a 422>L>. 

^ a22i (a) c t ^o 2 .(P45.12) J£A Je^ 


(; _ T L. JajL>JI jj 3jja 42 T^_a (b) JjlSLH 


6 j L, d, F <5 Vo* c-uu^alt 

o ** 



3000 kg 1 (o^) 4_^b fg 46 - 45 

CP-*-* j-a La 2 10000 kg 4 232 }Lu 
4 3U 4 4 t. MjJ\ 3 (P46.12) J1A ^ 

0, \ l~i. ,i u.A J i A JlO. ^j-2Lat jl 4 «,tt 4 4.L ia.) l^J 
,B oic pL-uU 4 _aLcJ 

. Bj A oic ^JjuaJt Jj 3^!s 


^Li 2 l (P43.12)J<. «*ii 4 j1^j L$-j 4_c.jj*^« “■ 

L-^jj . 1.8ml—$. c.\ .3 jjIj 3.0m4-»l^, >11 

(Jj—2^ ♦ 1 ^13— lm\j Lfc^Lc.1 ^is Ci^i — is\ k A 

4j1— 4 IJ! j-a 30.0 4jjI j oj—j— i<—21 

jlj-LoJ J-ua_3_A 4 _ZuL^j 4j1 y iU 4j^l*J| 

4_j Ij-jJ I 4 la 2 j . 200 N -1 -A 3j 2 L 4_2f. ^3jj 
3#U SjiH (a) 40.0 kg 

(b) 4 j^_L*J 1 4l as\ 3X1 4ta< aI^j 4_ji^_2! (jf!*’ 

4jl>JI lt Lc. 3jjJi! 4 j a. 3^_3il i.ttu 

i.Mu _>3 (c) 4_22_cuJl 4 \ t^i g U 4 U <2^j 

^C- (j \\ i.m i^JI 

jl j. 3 a La (d) .^2 u\ 3U 4 4jIj_ 2I 
3j2ii ^_u2 ^Tt—>- c^JLiJI JjLS" ^ juSJ! 

. 4j^L >]\ 41 u\ aH 4 La*2^ 3 ^jJJU 4 j 3 4^1 



I"-3.00 m —--*j 


P43.12JS^ 


coj_ 3 _« 1200N 4_ijj ^ L 3 1 a uu 2a. a — 43 

JSL22I l— a-2 JjL2 4 L i 

4-^)-A L~A-L 3_A (. J> . t>>_21J (P44.12) 

t • * 4 1 A^a A 4 JL—i-«l^V l ^u_ji 

^«i r«> (jljjjdJ ;JjLs 

jL_jJI jU 2 > »l .2000N <ujj 

3j_c.LS (_yl£. S^jJJLI cjLj-Sj-«j JjlSLIt 


.(_y3jSl I >.. it 


(5W) 




t jfihC. 


(mT) 





P49.12 


4_aJLii £jLi-al (jr^ 1 i 


_3JLi La Jl I.f- — 49 


^^,-B 4 i-*3-^ -oil J—bsj 

^ JjuL F g ^1 J 2 i!ij (P50.12a) 

. ^-»L^>^1 L^3J3 (_j-3Ji n 3^—Sit 

^L-ilLL^a i (P50.12b)j£LtH/ 

j- 3j 4_> j-jJj tjr Iiil'3j—3J! T <txj >—>- 

L$j jmJj (JT iII B^JLli R j . ^ jJUI c_j^^_*J! 

jj>\ 3 a i i t u -wj »j>jL 3tl <J^>-jJ! 4 i i/> ^ 



U) 




P46.12 JSLu* 

^JLc. JllL<-uj m4_lll£j 4.a. l^ < 14 4_j^Ul^ ^1 i u — 46 

j-a 60.0 4jfllj ( j J uLoi lLLsL^v 

^Ir. 3 JlH tu a 4_oLa__i-uJ 1 4 j 1 gHlj . ^3 Wt 
t*UC~ ^Vt jJ^oLji _a tiU-i_:». ^j-uLal 

4311^.111 jJjqLc. |X $ = 0.40 ^^-ullL-uVl 
jjk La M-2m 4 mil ( _ r i£. . \. * j^j (jt 

4—-jJJ tjl (jSLaJ L fOm-11 £)^a pJ—^>41 

SjVpVl ^Imll \ JLaj La jbc. J^aL4l 

JtD (jr^ 1 200N (jj-i ^-Iblia ^ L» — 47 

1_a. \ 'tc. ^aim 11 (10.12) i'll 

(J^aL*_ja l3j . 0 = 60.0 

(_p3jVlj Jo!»L»4l Jut£. jlLj-mVI ll UCi/W ^ 1 

. jl jJLa .^jjLoXl ^j-oaj l a.^ 1 

£ya 4 7i \t a 10000N ^3 (jlfjJfi 4*Ca m j49~| 48 
^£[3j-^a 4.0m 4J i tj, tsi a* ts\ ~l a ^JjL^ 

(nil 3»4 . 3 J>_£.1_HI JL-Ic. jl^jjl JJ ge a 

i 2J i j tiajL->JI bf'-J >41 *3—^41 

j-bsjJl ^_ ;r 3 4_^oj 1^ \ a it 1 1 t "i a 1 a, i )f,' 

^5_S1J .(P49,12)JSLA ^ a^l 

3Jl_c.L_^ SjjJii 4—j— t_ui^J!j 4^-1 i^Vi 

(< t m irinlt (jjj J-Qjfel )»( 








I SL ul SLi t l - JjVl c.LjJ-4 1 ^ 


400 N 4lg Wl<4-a 4.3-U \£ (>JT IiL j3Jj — 52 
131 (a) (P53.12) ^ U_£ 

LxJulC 4.x laUa 4-C.j^u- i JpjJj 4j_ul£LJl CxjL£ 

JxLjlx c ~>-l .h— 0.4 m j F=200 N o^3 


L$fi 200N 4JJJ -Jji3 ^yZL~X-±M — 50 

Jl=> 0 j —o_i—(P51.12,a)J£_<i urS 

4jLxx ' ( ^ 1» i~i i t f i t t,,, *i > j L~\ ^ 1 I-** ^ 1 

jJ^la jJlC. 4 L> <11 JuUT. 4_j_I_j_ a J — 


£> ^-3J1 4L^st-x t _ 7 SLuLLS2! dll$3L>.Vl 

UA^-g ->•• 1 jp—300 N o-*L_£ 13] (b) 4 jjj— c. * It 

.^JjJi,l ^3 4 Joj1£LI1 La JlIc 1 Jl_u ^jJI /? jlj-JLX 
w = 60 cm 



P53.12 JS^s 

4iuLJi 4ji.i4iU ^3 4^Lul£3i 4iU JL>- — 53 
(a)Lix3t ^Ar: Cjj2\ J3 F 3^ 

I J^-lj L7 £J l^g-xU x ieJL-tfl 3jJs Jf31 >-< < « -^1 
J—>Ji ^A 1—a (b) (J-i-U (^3 4_I_uL£LH 

^-lA ^^ySLul.,3 jiiVl l£JLS3i— i»-Vl ^Jxl_*A 

I Jl^j 0^3 ^1JL hcSl * al j-4 4_J_ijl£Ji 

3jJ3 Ja! oL_>3!j jl, 1 a a i.nu r>4 (c) SjljJaAl 
3^3J! (Jx£. 4_L*JLs Cxji^ 13] i4JLul£Jl ,J_jA fjA3 

. Ig jlf , L)li>5 jjO LAjLloJ ^j^X-5 

^y4 r^i'a L 4_!jJoj Pg 43jj ^lau}x t_x4 — 54 

J-A Lx-3^ (jxl A 1 ^yO^->* 4.A“> itA4_Sl^yL3l 

J2hi\ eft cru (a) (P22.12)JS3Ui ^ 

jlIc. < 0 4.At3,i! 1 jjyJLc. i ^_3 j aIJ 

«** (b) u'^' 4 JLk L_x_i_a3x_3i 1 L)_5^ 1—^ 
*u^ LaJlIc 0 4jj!^J! 4 



P12^5 jSLyj 


Lr i^. J3 JsL>J (jr&J 
4j) 4-t.il 4j^ljJtj . 4JUJ1 <?JlA 
^ 1. X V 3 < til_i » 12.0 4Jj3a__*Jl ^JlA^ \Sj~ 3 - fl-11 
J£_*i ^ 3 ^-jlAI ^.^l ^-ai j-3j -4-lJI 

350 N^>>J1 Ojj eft jl tic.ly (P51.12b) 


3^3j 4Lxnr. i—‘ <■«! > » 1 

Back muscle 
\ 



P51.12(a,b) JS^ 


JjL£ {jj6 jj " i^U a JJI^-U CjtjLil tjjO — 

(aXJjlSJI JaaJ (P52.12)JSL<i Js 

i..< i 4 i _>-l (b) Ti = T^j d j= 0 2 jl c» -i 1 1 

. 0 j=$2 = 8 u' list T 3 , T 2 , Tj . u»] l 


h 


r, 



P52.12J SJu 


(sn) 






^ >- r ^> >5 J< i a <j)j bH p9| 57 

J-ai-c. ^ I < ii tl (_,-!£■ t a aj (PI 2.59) jJSlc m 

3.0m j_»j 70.0kg 4_:»l~i ,5 «.51U 
jjjJLol iii (jl 5, i f.i_1!! 

^ri—aVl i_, it < ^5 ■ 3 ! 1 Ji xluj ( (ct) Jt >-j1 

L-A-coJvl (b) Q\J (Jj-aljJI 

Jj ol-i^j-4 (C). BJ A jJr: 4 jJ j_4_xil 

i C 3j>j-3U 4Jjua^JLi Jwlr. 

( 3 ^ 1 r ^JLcJI i ^_>3 ^_co_>VI <■ 3-a^aJJI 

pli all ^ > Jf> <J*oL*J 4j^> ^fc_Lq) 

.(3a^ ^ 



P59.12 JSL2, 

lj-lm Ij lI^jI—>. (jy-L^. uu_ j_ a J^jI_>. — 58 

jl>3j Jaj^Ls J l -4 ^ <1 A d\*\ i ,<\ 

4a^JLl j^x^f *(J^^ 5 ujj (P6L12) 

4 _ 7 -iil jLa—aaJLl L^J (^yjJl 3 j_JlU 4.-,^1.3-.4 Vi 
—4—C 3j_!s 4 j, If. j3jj 1—4Jl1c. ^J^cL-xJl 

80.0 N L&jIjlLu 

iLxjl 7r 11 LJLi-O^i-O (jauJ !j\ ^Jj-ifcj) 

(L 0 L 4 J 

(7b) 



0 4-Jjl^J HI 4 li~ *5 ^JcuXa nn 4 57J SS 
Jj—>• j-xu L—tL*JI 4 ~jl ^ i .^-3 _ 3VI 

.90 4_Jjlj>J ^ ITT ij . 4 tAijl_>- ^ 

4 ^ 13 ««fcll 4 jL^.I11 
J^L^* te] (a) (P12.57) J^o, 4i^ 

<-oJ— ua-oll (J\j ^^iTlLl.iuiVl lLH^JLxVI 
Af 4ll ^ j. A.fCV 4_B^yl_£. ^*1 HIL* al . 

<ln^ (b) .^J-b ol ^ Cy* i 4 2 ^ju 

i » ^'i.c. Jji— oil _}j 3j) 4 ji J— <3 —a 

ijT lr: 4 -aj 4^~> 311 L^J 3j 311 jlj. 3 ay 

.u s , M, m 4JVju P 4_k2ill j u£. JojJI 



P57.X2 JS^ 

4jlc (P58.12) (J^Liui — 56 

.5 4iaii]l air. 1000N LajI j,3 <q J3 <a 1 ^yjj 

— uujj J*—$—« 4—<—>Jij 
2o^^_j_u u 1 (&) 1 iAa t C, A (jO_4Lc.J 

Hq- 634N j =366 N ojl Vi 5 

(jr l£, ^3j3 ui ' Lj y oy (b) 

^)^JL4^>JI Ly fl K^ttZn 4 .J-uoLflJU , 1 't C. ^U 34 

dL>oi (JT ^ 3 j_3j ijr l^. 4jlj JuV 

(c) iln» y 3j! JLJu 3 j_4 \_a 1 i4j^Jo 

.4jMilt (jly>>3ll ^yA ^Lc- ■ \ All 3^ 

1000 N 



P12J8 JSLi 





ISLiLudJlj ISoilSyi-?Uj-ui)) 


> ; tc- ; •- ' 

31 tjy&j -3 ■> lQ 1 *■“ Jt ^ 2 ^£L 11 4-La .uj \ 1 

.170g3> J^4i^ 



P64.12 JSL£ 

?3_^ J 3 Vl olJ_a! (P65.12) ^ - 62 

u)j F g7 = 320N 3 F gl =380N 

3 J — l _u aJ 1 4ia-^ ySj-JZ JoJLaJ 3 ^! . C_o2u_J»-Jl £ 3 ] 
. 2 . 0 m L^LjIa 3 ! 131 L^oaj-s ( j f £. 



P65.12 JS^ 

3.Ocrrr 4 <1^3 4 4_>-Liu-a ua-LuaJl 3-4 ~~ 63 

JLl lij J£J 2.4 kg 4. ni l < 3 

U * L 034 X, JaiL*. (3^31 1 juj> Cy 3 500m 

JoaijLas} 5 4-1 dal 4dfc_-u-i 4-11 Lv< l it I 3 I JLA4 

( 1.12 ^ 3 Jl>. jdvjl v^lxrf-al! ^Jj 

ca^V Lao-j— to j ^31 33 — 3 JI 3 j—^ (a) 1 67 1 64 

dJd 4 ^. 3 -fca duL£” Ij] ^uu.kl! 30 * ^ 3 !! 4_ujL£ 

C. 2 a a A 3 10 . 0 m/s ^LaU ^ JaaaJl 4 _La->J JUT. 

3 -A 3 0.002 s 43 L 33 l.Om/s 



P61.12 JS^ 

1 j, 1 n Lc >3 303J 4 a_i_u I3 3 33 (3\_u (P 62 . 12 ) .jii — 59 

^Joal—*_4 . F g \—£33 ^—<llv< <4 4313!^ mil Jjyic. 
j_a- 4-^3 (ju (jy 3 Lqjl~i—^</V 1 udl£a-=wVl 

P 3 3 _B 3 JL *sl JL .->>31 . 0.50 ^jLuiJ jJaooVl 

(jl (JJJ L ^. 4 l,i 3 r - ~ <-iwl 3^-35 ^lll F g 4 j^f Jd 
33^3 LcJuiZ. 41^30^X4 ^ 4 dll 4 jl 3 iia-tfVI 
ciJl£jL>-VI Ij 3J3 3V3JVI uflaI/3 ^.If 4 j 1 3X3-10 V! 

(SI jl_l t 4^1 3^1 Ju£- ^ 133^3 



P62.12 JS3i 

WEB 

4jfc. 1-4-0053 Y 4J j-u ^J>3Lfco53 L- 4J3L5 <.41 mi 163] 59 

AL 31 Jo- 3.4 5 33—4 jL-taf 4J 4 A 4 ■ « -4 

— k A L (jyJt £*L».jV 1 333 .^3-A 33-jLdJ 1 i\ j\rt 

J-i_taiJI 31 (b) k - YA/L • 3I Ca-ul (a) 

A L 3I j_ 3_4 j liLL^JI j -ciu J 3 j — xi\ 

W=YA(AL) 2 /2L i 

l—4_^ 3L4I43J Lr< 9 1>>3 c-^lj 1X3-^ 7- 61 

L-4-AI3 —43 (P64.12) 3^ 3^-4 — 4 30k 

3 ^ 3 -a j (a) ^a_ 3 a- 4 ai -4 ^Ir. j_d 3 A 4 ta 3.1113 

P^ ,P2? P|t-oooi-vi LlllSji.iv^l ^4-3 JlC. jijkO>Ji 3! 
33UI 3-Lc 4 » ^I3J1 33 311 jt,.i 3 4 3^-C (b) 


(mT) 



^ SLoLu^V I ijJmjzl 


£j J—S JL*. i ) 1 cL)l J_4_ 03 >U! 4-JjljJI 

1.0 x 10" 3 

J SiAJ 200 m 4 jjisS 4 -V /J^ Cu ^4^ ~ ^ 

^ I J I d<— ua> 1 (P7 1.12) 3 3~^ 

CjUj^wO ,^a tj_>• -J£ ^ ir. 3n_i—Jail 

J-Ir. 1360kg l ^ <-*; L-^oJl i c. 

3)1 ^ G* i aj^cuIa 

*.\yj>-\j t^i<L»£L } V3 4 j u4- 3 Lj -^41 uj.\ lj^4( 

J— t-al ««_4 4pm<l^J 1 g <>> » 1 1 <LfaO-ILo 

J—L- Ti »1 CjLj^- 4 4-i-H £ 3)lj . 4-jjj) nr a 

. 3jLu-oJl 4_1 j£Li 4jjUUj 4JLq^ja 


li /) 



j£2j-a 3 )> 5 i- 4 ->- JSLu, 100m 4 J^Io — 69 

4_j^_5c_j 4 K gj Cuxi 4 jLjL_£j jJn 

4-3Lcu-U ; Aj^-HLs JuLc JUvjj . (P72.12) 

3jL_j_4_uJI (jjJ (1)5 U^i C?A 3 ^"In I (j\i 

3^_J5J1 <_^ui C,A 3 tG-Ll 11]1 3 a-j t^jl__ «.*i.lL> 

Ijl L_a ^lj_^>.| 3 H 3 *3-^ <J-^ 

c_<_i _£ 3 ^ iJT ^ 4J_^»1jJI oLj^sm 3 H 3 3 j' A 

3)1 tj/^j —J—3_i .2a -*—us jl J—ti j 

4px !■»Il ^ <in t ±1 4 1 i.n ~t a ^I O 
4 X 4 —4~« CjU^Sm 4 li ^ 3)3 4_^jj) >■ 4 j —4 


. 3jLjj_uJ! 4 .I 4 S 3 4jjLa11j 



(b> 


Lua Jull 4Jb^j * 3 ^ 11 ! £-4 ^oLualJI 3 ^; 

131 . ^A i3Jl jl gn»| (^-4-u- ^ l (b) 1 . 0 kg i 

< , 1 ^yic Cj^jI Jl_ 3 3^_5Ji C-t_s L£ 

10.0cm(wide)^L^3lj 1.0cm 4 <« ^jJi 
3)1 3)-^f jl—4~>-l ^—a— d>k^ 1 j 1 (c) 

j—3)5 J * A <--«—4—Lq 

<5 c> Ui J t 3.6 Xl0 6 N/m 2 

4 2-a 4j 4_jjJui_a 4 » j ^ m 3>-° ^ju-n -o 

J. Lnd !l eJu-,a_ij 25.0cm _SJi J. In 4 c a</> > 

JO.Ocm^JjJI ^Lijjlj t 35.0 cm^ljdJ ^^LaJI 
3)3j J-o-a!) 3211 JI 3 ^ 3)3^1 3 >j* 

^ 4-loAj jJjJI 

4_L^c_Jl 4jj-^ :4jo.I^^ ll 4JL«-u-o ’ ^^'jj [69 | 

^ A 1 ^ < P A jj t> i d i *wl i~! 1 A j. 1 ^> ^ i Pg 

4i^3t>a 4 j^jJ1 . (P69. 12)3S3j< 3 rv^ 
.^x^J! ^ 3 )Kil 3 ^h° 

(JLc^ a. jl-TJI liilCi •>>! J-q-aI 

>_ < < Xi .^ 1 (a)4jjjdi X dL>jVl 4l?ej> J l 4 _j,£j^q 

oljJLoljLJi 4j^ Ju P 3 ^ 3.11 4_i_-t4jljJi <Lj_^^J»i 

h=1.5mj a=2.0m/s 2 ojl^ !jl (b) 3lkxl.l 

1^0 Py=0 of d jl' 1 5 a dj£-i 

(c) S(4_L>.l—dJI (^3^* 4 C (J- 4 —^ 

-4 J_ 


F g- 5 


-i-WP y ,P,oL 


(»S 


f.(» 


L - 3.0m j d = 0.80 m j 1500 N (jjL^ 
a = -2.0m/s 2 3 h= 1.50m 3 

-I,- 
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a U. t j^o Cxj_ j _a 0.78mm a^.Lvs ^ 

jjkj 11.21c^ a I 1 K t*l t... tl ^1*_aj i^^LaJI 

4-C.^. HI ,H I-1III -».| .4 J a ‘“ll SjjIj i_ij_>j_i! 
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ANSWERS TO QUICK QUIZZES :n£j>uJI OljluiSI feUj 


4 lr> 3 \ 1 b £^iil y£j-a ^ (2.12) 

•3^' 


(2jV ^ * * “< iL> ^yiaJU £LJJ ^J-^l ,« a (3.12) 

j!l<u ^jji ^-i^m Jj— a * ji—»—Ajyij 

4_jj—4 3 J 11,1 4—J__3 (jj-^3 (_£ jJI i-j —^J! 

_j_lJ! Sya * (14.1 2) <- JSL<3 u 

l_j?jlJ_ a^a >-Vt jjt 

-*j! J— a—a ^Jl t a >1 4Jul ^Uo 3 XlO^ N/lTI^ 

jJj -*-4 0~^3 (J^-U * 0.003 

10 XlO 10 N/m 2 *,!aio 


JlJu JCLqj (^LuJI 4a->Ji l j r c Ji^e-La e.J>_>- (4.12) 

|<ub j a xj J-’y bc-4 4 jj^-U Jl^- 

.C-Oe^ull 4_LiLii dAU (^3] »<3tll 


£- • 12.3 —~Q I—4-^ t^JU (1.12) 


L7^ ^i } 3 C.. ^ ^ -O J (j3Sil j-l£- 

* 

(b) \j.A.un 4 jln->Jl 4L?t_*Ji dul^ 

l-aJ JlC. dU3 OJ— 


juLc. ^-IoL 3-IT; all £_j— 4 —>* r 2^4.1^ 

^lc 3jJs Oj3! !j! ♦ 4^.3-ill-a 41^.3 > 


4i_5C C. ^-t-u >JI — l£-J 31 Jllc. _ >Ji 

4.1 is~i .'Xi-js ^3—^3 ^ Jul I i^.la.i 4j 1 V] . 4-_iJ 1J 3 3j 1 
4J ^ < <t->JL5 ^.*.«» -> Ji (jr 1 ^^^ ^3^ 

(jr i3u^L_jLJ J^_>-^J . 4_jalj 4l^e--C 

.(JPOJLV jjl 



r 

( .« ' > 


t ■ 




(i^l_JI ^Lij) 

Jj —jccj c-JJlk* ** 

<LC. I * *<l I , u<4 U 4_^ w>> l -^~> »< - > t i 


uLxl ...II 
Ca- 6^11 (2^—^ Cu_>l—£ lj«ii j_ *■ i 
L^j ^jJl J^jlLjJI Ltuui 
^JS^j 41 to 11 d 11 -^ .t I 4 _lL* ! I >) 

Jjjl_j11 4—-oj^O! 4—i>t i u 11 *<! 

L_*Vl 4^.L^JI ^ 3 ^, 

C-t-^JI ^j-a-ul 3 a ^ys ^jJJb .JjJliaJI I Ju4> oLjJljJ {y* 4_sJUj j_»s 3 3 .I» *■ 

4X-L_uJ 1 4J3.i ^>~o i _ r lll ijr A JjjJJI l^J ^all 4_jju,ill 

So^jJI JjL u/^fl 3 jLid-4 L^LufrU ijT jJ! AjjuJui! !jy>\y>- {jr ^ l •> 


Oscillatory Motion 


2 t 7i 7i 4 5.13 

~A ^tAT.tl jJl... itt 

Comparing Simple Hamonic Motion 
with Uniform Circular Motion 

S J* 2JjUi~Ut ljLj jj jJI 6.13 

(Optional) Damped Oscillations 

Jjblu jJ( 7.13 

(Optional) Forced Oscillations 


13 


!aUj ,.titaj <j 1.13 

Simple Harmonic Motion 

t-uuSlIj Lifj-oj3l2-4j) tVm ^1 3-iyc 2.13 
The Block-Spring System Revisited 

■ t->j iti^y y1^> 3.13 

Energy of the Simple Harmocic 
Oscillator 


The Pendulum 


JjJJ_dl4.l3 





















1Soj.UmW; J[jVUi^O *U^all 


£_a iy^uiLuJ |C-uu> ^^Ic. SjoJJj S^JaJI jjjio LoJuuC CjJl_>o £j^jt £yi I.Jljv ^oL>. udi } & 

'Cx}-*-* ulp- f 1 '* i>-ljj 

cr^lj ^La VI (jr^i ^Jj^ A iOJu3r-*iLtf jjl^jV! j-_uoj Looi.* 4_aeo3 djJdl £Jufc OjL£ I ji 
j 1 4_u jo Jl_jJI 4-^j >di c4_j_i_slj_aJl <4 jJJ^-jJI 4_£^_>JI 4-&j. rnil aJJbj ijufc Jj_ov 

. LoLcj 4o9L£JLo 4jujVI CjLrtiLxuaJLij . 4-Jjl jG a V \ 

(jLaiaVI x>jG .Lfi^-xij ^3 C^jGLo ojjujo ^Jjlx 4o«}JjjJi 4JjLat /yj JuJulUj ^i-C ^If tilLd 

4-L"l_-qVI ^Jofc 4_9L_iJoVLi . 4 j^oj 4 jii -t i"j—a 4_!l jiojl jlj-Ii-Aij (J 3 JLI iJi 4_>»^ ^jVl a.i . i ~ > ■« ! < 

^L<-u_>»Vt ^jS CiUujo>J! ciUj JLILq *<LjJ.> jo 4f>j>_^o <joa JoJutll Ju>..4-oa^oJI 

OL>.j_xjj jtajJlj <_uj) dait oLv^JJ jJlLa 4 ; u-u.Jr'wi < 4^ ^Jl CjLw^JU . L$j(jjl ^Luajl i—ijoJuj aJl^IohJI 

jLlIU ^USL^SJI joljjJi ti—jJuJuLu ^u.'iln.iA a <LzzSla j-xudiJ jJ-iijJi 

.<>*>11 j_* tajj-i 4 ojIoj»$!£JI 4Jbc-wuilj jLuJIj iLLall ^-Jub 


GloJfcJ ^<Ua>Jl t__! jo JoJ 1 £j3 t 4-Li-U-ujJI 4 j £-A (J^sLGj coLJl ljUfc (jr B <LuJl*J! AjLU 

4-JuLflJI <U^uKxU 4_^_La_)Vt ,^3 *4o$LjjI^_lU 4jsLLall ^3 jJa3 <jjJ t<>>a>J! ^3 <Ll.u-'v 4_1! JL) ^jLstoj 4 *<jt 

iJr 3 1 3.6 ^jLpjwVI |0.ut^ll ^3 l^i-ujJU <£^aJl oJJbj . 4o jo jJI JjLuaj ^1 cdlSi>-i Jl>.j3 

.ooLii 4 j1_4j 

SIMPLE HARMONIC MOTION 

4^o>JI c_-okSLilj Spring 4ol^j {J ^3 is~Ti a m<Gl^ <_ <»5 k a Sjja jjjSoj 4-j0j)l^ia Uj. i*if.j 

^j^So lLjJl_U3jQ jl JoGu-d ^O-C. i-dj~iojJI faj&J 1 g^'tC. (1.13) £j. <~i •>• tJ-uLs? /*-L*.u {J^£- 8.10 

^Lta Git t J_4> (J^- 43 L3j-o_>- jlj . 4-A J ^ = 0 J iC u-ctSLU 

(1.13)J*LS< {jA 4£^_>JI ^3 \ i Y\ 4JJ ^jlj] ^3 OjJo>- !jj (jyit LO joJjj 

6y3 C.11 i-dj»iOjJi (jl-5 jy 3 X dj-aoLjuo 4_fll_j-ao3 £jjl I jl l-oi^LI! {j\ U^^jo I jl 

( 3.7 ^^Ldll j-L-if ) t-i !yit ^jjjLSj ^iajuj 4>.|jVI j\jAA £ja t-t^LiLU 


F s = -kx 


(1.13) 


ijr ^3 vjJJjJj 3 ^^ 4o?cJj L^lo restoring force ^L>.jV! 3j-2J! &<x£b ^ o <«*>j 

^j^So jo JJjC. (1.13) (JSLtu JC =0 jy 3 _^-SfcJ jeoji Ijl c-Okii.! j)l {£\ i4o>-ijVi ^ j 

X = 0 j)-a jL^ll ^2t-i c <«£ 11 Ca J^lcj ♦jLua-JI ^eo 4_?tIo ^Lv-jVI 3^9J 4o>-j_a 

. j-^o 4odu ^L>-jVl j 4 oJL-o 4_>-ljyi (J3^J joJ-Ic. 

i 

(jl JL>o (1.13)4 _LIju 3 4$j-3tJd ^ilill /jJ^-o ^1 jjej-Lolo 


(M8) 



4 j^ t 


(M9) 


(a) 


\ ft A t. 1 ; 


F s -- kx -ma 


x = 0 




a - 


(2.13) 


m 



L^aUoIj t. (__ctolxu 4_i 


O' lS* 


. 4jwljV! flUoi 




x = 0 


(c) 


ImmUUmJM ; 

1 """"" T 1 ' 

x= 0 


^ylc. t.n "t a (1.13) JC lit 

4.tn n ) L/P-IaC (2 ) In i-u 

4. in 1 -<2-J! . (X > 0) 

1-aJail (b)Jl^. l±1j—j-j^! 

3j_<jJI (jjSLj i(vC=0) 

l_jj^JU £-1 j_j LoJjr (c) j a is* 

3jJLlt (jt < jj-A 

. (J/UL-S1 


^_dJ L^jI ^JLnj \a,uX\ I Ju4s l/1L,«1 

2 ifl d | ^_j 4^^_>. LiJ^_3fcjJ ^y-i xi | . 2U i..it d 1 a _4 1 d5> ^ % i 

<^(31 J-X U< < alJcU dJlLj&X 1 *, 1 if 4_L>-i. * •' • 

. L^j ^ oLaoV! 

^y3 4.1 1 ,l4 4 in j < 111 ! i 4_jJL 3 !^I] I d£j^>j! (j''- Lj I 4_tU » I! 

Ur^\j dL>»j! Ljr £t 4 h *v jujIuJL-o 1 4 j (2,13) 

^1-3 4 hU l Lilll b C«-i "< xaj 4 in < <>1.)» 

( ^ r l_cl ^1 4llfCJI t_)JuJ l..T> { 4 IJ 1 4 { j r A .« 

dl—>oi (jy i£. 1-J —<a-C- 4 J 9 jjJI Liij. n- V) ^J_a lii l.) 

. 4_i>.^il 4^j>Jl 4ju!uJ 1 a imj ^vl^ll puMjjj !1 


X LdJU£, 4 in.._u a) 4 _t4 4^^tJ ^ ^ m mil cllj ~y~M ^jJI ^ a <t ->J i 4-filc. 4 jj 

4^>Ltii Ldoio 4ln j^ u-a_>Jl 4_>»ljl (jr A 

x = A cos(cof + <j)) (3.13) 

^3 t ^ya^JI dJi jS X 1 1 4 t „j 0-ji^2JI dJ l 4 ! ^^ £ ka ^in^j • 0 _>ljJ (p , Cl) , A Cu> 

A djjujJl 4tnij (2.13) ^3 4jll.iI>! 4j^jfc-xi! ^Ltin.~>»V t^>j3! ^_j^-*^3! !jla^ (13.3s) 

(o duLillj 4 lx1j^U c-JLljJ! jl ^3 ^ j -^1 d_£^^l! 

^j-uJu^J! ^ IaII u^j_<_uj ) d_ulj/^LiJUj 431 4_^j_stl! i^jljJl JjjJill 

Phase Constant j^kJl o_$l 3 ^ ^ (p . (2.13)^^ ^11 ^ ca jU 4 

w 1 LaJu^. d_c,^_ix(j 4-ul vJLjjVI 4l>»!jV! 4 ln.< »1 3 Jll>Jj jjlaJl 4_jj! ^ <)1 

t yX lllj (|) —0 JuJUi l / — 0 JlIc. =A 4J 4—!j! j _ ± jJlSL ^u.u >> 11 


jjja jlgjaJi Qj^lj . 4 lr>-L^.u.JI 4 _lS_3|^xJI 4^l>JI jjr 2.13 JSLu 

{jA /^yl C. jJSLlm A t din I ul^J 4j JgjLA.A dill5L) Ls~t i a 



.^4^1 i>L>o! ijr 3 4lal jja j 4o.Ir>j 4x^-luj 





ISLwlijJjtj lS»,i*tKjU - JjVl 




ju -> J (x — l ) ^ i-» i a (3.13)<J£ 

ASjjujJl 4 J ju . 4 Uj. ■ ■..,> 4ua4ljj 4iijUfcJ 

(b) ip cuLillj T 

1. 4 . 1. 4 4_uu>Li- 4jlu»- ^yib (X -t ) 

fp=0 (^(jUjX =A jt = 0 jit 


Jut |«uuj>Ji jjl£ 1 jlj (3.13) (JSLui ^ujaju) jA l gS (jjSu 

l—(J (jlJJ_5CJ A , <|) (jtblilt (jlii / —0 (juijJI (^^3 JUwl £_ugj^4 

-«u) ( 0 )t +cj)) 4_j_aSJIj t — 0 (j_«j Jut fu <i. >J1 ^uj^u 

. ji’ijp 4fljj>. Sjjtia Jut SjujLs (_yAj 4 £jj>J! j^lg 

4_jJJjj X <j~ilfi.lt 3_IIjJ! jjl (3.1 3) ajjU-4 (jJi da-.->-51 

.2k rad jljJill cot 4u3 JjuCi c2k$ J_£ l^<»iai jj£j$ 
^Uuutxj! 44^JUuiU (_£ jJI (juajJi yJb 4Sju*ilJ T (juijjij 

4jjuj (Jjjuu |»G JC3 j<tuuiu>Jl (jl (JluLy <Lal£ SjjJj j_^SLl 

X jljtjl (jl lul juiajj T LuUjJLJ (jj3J .(Sjodj Sjjj) jl SjL»-(j 
(2ruj (j! / + T (jjaj jut x 4 uj.4 (_gjLuj t (juij jut 

JJ l^tl (j| 4 33 ...It 4tu -^.Nl _ It j»tj_V 3 iiib T — 2k Id) (jl 

T ojjja (jxj 2 jc rad jla.S^j jbj_j (to/ + <J>) 
co/ + (j)+ 2rc = go (/ + 7) + <j) 

co/ = 2 ji 


oM 


r = 


2jt 

co 


(4.13) (3j jj jJI (j>jj jt (ijjaJI ) jl 


(_j3 t l^JLU^J (juit CAjjujJl J Jt J ~ L« 1 JJjllij . aSj-Stil f JJjuJI (^y.4 Ml 1 (^J^jil (j4jJl t-J J1 4 A 3 

(>4jJI 3ja*j 

1 CO 


/ = 


(5.13) 


jjpJI 


2k 

.(Hz) jujA _jl S ^ t 4ujIj J£i 4jjJ fjyJb f 

JJ^ull (jit (Ju^jej (5.13) 4jjL«i.l Uujjjj Sjltb 


co = 2^:/ = 


2n 

T 


(6.13) 


(ijljJI J4P 11 


Jut (JuoV! «tlg4.t Jut (jl£ uj jjJuui j4 i ii-».I (3.13) aJjLau) ! _ } Z <{> j^lgJ! dulj jl JLuuiLa 

./ = 0 


L^Sjttuj ( _ y u!t 4_KJ1 4_j i full j^j^Lus A Lgujju j 4 » 4 l-i J nil 4 j 3 4 1 jj <t£juej A Jt |tu> 

.4jLal^ (JjLb J ■ uJ>d 1 

4A (d) 2A (c) A (b) A /2 (a) 


(S) 





(3.13) IbLu* Jx^LoJj 4 Wj l±iilj3 4_Sj^s_i ^J-AJ |0 i ii ~»J 4 jlv>ill 4_g.^ mil JUvjjj (ji LUSLaj 

.4.i*iii 


v - — = - (oA sin (cot + <b) 
dt 


dzi 2 * , N 

a = — = -co A cos (wt + (p) 
dt 


(7.13) 

^UL>Jl 4l~rf j 

(8.13) 


^cjjl (8.13) 4 JjLa> 5 £&.t 1 \ ^ a) x — A cos (co t + (j>) <ji £cp 


a =-oo 2 x 


(9.13) 


(±coA) Ujt u (jil (±1) i j.~i~i 4 j j j ->JI SJjLlJU jj( Uj 4jt jl_>o (7.13) 3JjL*_4 
CL 4.1/y .11 j^ILuL^i]! (^~4 j 21I j! LU (jtp (8.13) 4jjL*ja (—1) lt.4rtu.l <_rj~v <Ulj (jl L»i ) 

4 7i_i i in 4j ii~4l jj <L£jl>. jJj. -* ~ j a i ii •>.] inii II <LkjlII jljJLaj n-inll 4 ^._>_ijJI (jjj .(±(D 2 A) L»i». 


V max = 


"max = W A 


(10.13) 

(11.13) 


4 lie . 1 4 _nj_ml I I n.I . . jj 11 ciuLAI 4 jjl J ~ ..1 4 . j ..I 1 X—n 4 ^>.ljVl (4.13a) i"i 

(. d jl Vj 4-c.^ uJi (jt ciil j < m llLIjj (4.13c) ^ (4.13b) 

j rt 4_^.j_oJi ^niljl ^.*la.«Jl 1 ^jL^_) , 11 r. X LaJlIc 4j I .90° 'j\ nil rad jl jLi^ 

* 

I ^"*1 < . 1 if. 4_c.^ *» II \y a t<-> = X l_a. 1 ir 

•' L_ T _J "... .. . . 

^ _ j^io Cy^- ■—it ieJ 4_L* *31 J.4 3 (Id <4Lli (_a-ual .^«t-i «!l 

0 | \ _ /j-A. _ t jlui x jjjSj Laoi^ 4jf <j I 180° ^1 Jt rad jt, > 5 «> 4^>.ljyi 

! !\-/l V-/ ^ iiU (j^laxll L^ul^j ai£. a oj$A (_,4triJ>ll I 4 I 1 I 4 J 

1 ! ! .(_iu£L*JI tfLsoVI 

V 1 I I - 

III 

V ‘ l! ! /l \ Vnu x = <n/ V^ j? dr ; * ' ■“> (jjL^ 4-pufc! 4j <t>J^kll Culii 

^ \ | I \ 1 . 4jj ju jj 4^J-=tJ (jLaji 


(a) au ,..ji a j a ai^Ji a^jj (4.13) jsLi 
£-A 4-Lte_ « Jl (c) 4_C^—t4j1 (b) 

^ i 4Jqj>J 4j( JqjvV 

< 4lTtVi 4-bcjJf.j .90 jl JlLcj 4latJLllj 4 jv ijVI {_ya l 

. 180 jIjuoaj 4>-ljVi {yi. 







'iK'/y 


(iUjljjtJt iSLuUjJJlj ISLutSLdt - 

i~i <T 1 t—i* 1 1 1 a &■■>>• I 4 jii 4(p 4S^>- f^St I <i^ i-rt « > t_uL»j (ji-oJjl.^~ifl (JjJuj 

U 1 xogii tj)i\ {j\ jlI t ,a {j£. ;—tiilLit—-3 jjJL> C-uIj 4JLj>JI cJ^> ijr 3 ^JjjJail (_y° (J£3 ♦ JlJLJ 

4_£.j_cxJ! L &J-C- I3| l 4A j ^ «J (jf2<u 4 .Ltu umJ 4-g.fl.3ljj 4_5 >j->* biljXfc-jJ ^.iv 4_> JlJ jJl 4 *.tuj jji^H C^jLj 

. 4j£jj>J -iJijolIj ^-<-u- ~> JI j 4_ij 1 jJuVl 

X — X’ jA <-J jo JL j lI JljjVI £_xojJI t—0 jyajJl -A-Lc. <jl J 

-jLJflutj 7.1 3 j 3.1 3 i_3jj_txll flJuS> Cu. 

Xj = A cos <p (12.13) 

v i = -coA sin (p (13.13) 
v/\= - to tan (j) Jo^aj (13.13) 


X) = Oj 4_u!jbu^l 


tan (j) = - 


cur, 


oM 


(14.13) 


(JL) 4_£.j_jgJI 4 JjL_*_4 \ tA. < <i 4j ( 13. I 3) J ( 12. 1 3) < J7 o]jL*_-0 LlXJJ l3j 4jt t-iU 3 i-£LU2>\ 

4jjUil (jT ic. jJxXStU JjJL>Jl LuLuoi 


r? * (^) = 4 2 
V ft)/ 


jcr+ l—l = A z cos 2 (p + A 2 sin 2 0 


A -jbtjV ibUil Ja. \ V£L«t sin 2 (j) + cos 2 <j) = 1 q\ Uj 

(15.13) 


A = 


+ n±\ 

\a>) 


. liJf Jb 1,0x3 Igt^i j ts n r j SLo Jj 4j o^tVl ^j-4 3^u£ 4->>j^ <_ y ic 4lag tu ) 4xo3ljJ 4Sj> jut> I J-?* 

cloj ,/<t ^ 1,1 3l£j ljL-4>J ♦ /j,< jJ 1 oL^vJ^H ^3 L^Jc^Lij 1 4_>» 1JV1 (_qluLLaI ^Cj-uJ> 3 i 4lj*gC. ® 

, 4_lflJi.u Jl 4-tfl3lJ jJI 4^Ji 

jjlail ljr ^ oJlscxjq C^-ciuJ l^iSUj Lt-u-'v j_L*gj l4iflejJlj 4x,j_txJlj 4>Lxfl j 4j>-IjV1 ® 

-(4.13) JSLi^ US' 

.(jyiigJl ^c-i-xflil tiU3 ^-uojj 1 —Bjxu . 4jJo jj 1 4 jlxu (jlJuCuu V 4 jJlijJI 33jgii ® 


^ (^tili J^^il ^ ji^t) 12.2, 11.2,10.2,8.2 oV^LUl (jioj Ja 

/ . 4 lo j <,<1 il 1 4 jJL3 1 jjJ 1 4^j->J I xii. 


(s) 


Q£js%1 I ijjLc. udQJi 




lj ju Jlu (< my 1.13 Jtl* 


12 iU (j-«jJi J J»~"i <tlaii qC. AILvijU .JT jjj>JL 1 (J^>- < n i Aj .n a!j~ 4^jej <_i JjJuj ^ ■ "*>- 

x = (4.00 m) cos^j# + 

♦ 4^stU JJjulIj 4t m]\ (a) f CUf>- 

4la_i__t^jJ| 4 _i_JL 3 I 4_£^-jti] 4 aL*JI 4 JjL_*J»1 3.13 4 J 3 I—*-4J 4jjl_*_U £ j St 4_iji aa-J t 

r=l/f=2.0 s j 0.50Hz = — = / = — j j! co = n rad/s j A =4.0 m <j? * =A cos (cot +(j>) 

2ji 2jz 


t 4l^>J |^l Juc. p . ..»ll 4 JL%j>JIj 4^1 ^!j 


V = 


dx 

~dt 


. ( n \ d 

=>n jet + — — 
l 4 )dt 


= -(4.00 m) sin! Jtt + —! — (;tf) 


J (b) 

* tW' 


= - (4.00:r m/s) sin^ + 


a = 


dv 

dt 


= -(4.00tt m/s) cosj itt + ^ j — ( jit ) 


( n\ d 

S \JZt + — — 

V 4> dt 


t = 1.0 s 
A =1.0 s 


= -{4.00jt 2 m/s 2 ) cos^Ttr + 

^ t 4-Las-tJlj 4ii^_ciJ!j jaojJU (j'^c (b) ^ ^jlUxll ^1,1 V~< i oLj (c) 

£. <j! ju>o 4 ti[~t 1 ( JijjJI 4l^-w^Lo j_4 1 


x - (4.00 m) cos ^jtt + = (4.00 m) cos^^j 

= (4.00m) ( -0.707) =-2.83m 
v = -(4.00;rm/s) sin^-^j = -(4.00# m/s) (-0.707) 

= 8.89 m/s 

a = - (4.00# 2 m/s 2 ) cosf —\ 

= -(4.00# 2 m/s 2 ) (-0.707) = 27.9 m/s 2 

. ^ .luS* 11 4jLstJtiij Jis\ d.li 4^^-uJl L-ono-i ((I ) 


JljjJ ^ ^ j rt?l (b) Q. 4JL a-j t ] lj D 4-C.j_<_al] <LaL*J1 4.* i ^3 l 

± 4.0 n m/s 2 (jro jjjcz a , ±4.0 n m/s j-^Cu D .jca^fcjuaJ! jll 4jjL_oa ^1, 4uJI <- r t ^- v •) 



ISLulSLJll - cLjj_LiJl 


t/ max = 4.00;rm/s = 12.6 m/s 
a max = 4.00;r 2 m/s 2 = 39.5 m/s 2 

r"i - _ si — /ts*-A it —/.i A “a 




a)=Jt rad/s , A-4.0m a max = co z A , u max =coA Lf \c. 


t =1.0 s , t— 0 ^ ^ lo^Jl 4^*3 jl (e) 

t ~~ 0 x j^>JU * 


J n* a = 


x, = (4.00 m) cos! 0 + --j = (4.00 m) (0.707) = 2.83 m 

j t=0 ltu 4_a-tj5n Cy°J “2.83m t= 1.0 s ju^. <ul Djl 2 *.j (c) 4-j->4l 

^ t=1.0s 

Ajc = Xj - Xj = -2.83 m - 2.83 m = -5.66 m 

4-321 Mill ^ j.(.. 1 1 L^i t u a Ax ^1. i 44 4-uloll uil j <» 11 p j o~»i 11 4 jC^j_o i 

<LaLuJ,l ijja £_LiS JL9 j4_uj 4*JI (jjSLj 4_ulili (.[ I^ili'tl £-a 4jjLilll (J5L»- 

. x = - 2.83 m aIc. j«j x = - 4.0 m ^1 ^ x =-2.83m 

5 t = 2.0 S JLic. 4^JI jjh J4k La 

9jt /4 rad :2bb»Vl 


34>a n|1 


aHH 


THE BLOCK - SPRING SYSTEM REVISITED 


^_s JLc. ^j? 4_ulS 3^a ~t a'tm (5.13) .lu t^t^U <Lx^txl^ ^1 Jj )tu 

ijr Jt 4_lLc. S^pJJU ^.1 j :wjJi (J3^3 4 Lrtd.i {jjz c-x-aSLU £*I^J L^J \c. 

I^V. ) 4 t~UL> * 4 j*U 4 c-^lU UjJji t 13.2 4jjLt>s ^ Luij U5 .restoring force 

^ ^ a o^j Lr^ •* = A <Jj 4 4__sl —Lui i . «*£ U jjjt I3j (j = —^ 1 . r . 

x diij 4^ul4~<l^rr l QJ^ 1 *31 <1U- {*-> i-* <^1 J«Iui 

X* 0 L. 

^ ^ L-tA^LXi L^oJlIc .(4 JL»_o 4 _a— i—3 j. i !s {) ^_4_txwtUi 

(b) ^ 

t < i ^ j a ! 4^_stj /W 4oil^ u.fatSCo 5.13 

a 

^ £-X43j ijrVA—JI wUL^li 1—<3,.l ]r (a^^uLat ^.Irfc IM 4 Uj —cuJ 

(c) x^Oo'A^ 1 (b).iJU., 4U=_J! j i^.\p\ 

LaJu£. (c) (j^CJ L^a ^-^5^ 4x^_tuJI Lot j a x^o ^^L mJ 4.La^jJij 

X = 0 

.4arw^«j 4 LscjJIj 4jJLui 4^ijV! jL^Jt L-xX^JU 




CH) 


<_.csSJLl .^ic.^) JL3r.ll <LV-j-u< J,/Vi 4InI:ill 0 Jlj4> JlIc. . j>^*a_u^ <GL?c_C^ X —* 0 jipn a,.,., 

<Jj £J 4 l^rtill J (X— -A) 4 _Li 2JJ ! ^Jj 4 jUU) 4JoJLs <jfja jl Mt.jll 4_li>^ * 

^r\j <—ijua ~u C^t jjl a_>o til] jjj a is-> 4 1 cj-j-uj (< jl^>JI) kA/m 4_jJL* • 

X — ±A (J-Cii.u - U 

jl j^.41 ^aj 0*3 0. — -2” t5ja«2j = - (jl jaliu 

dt :ij ll^2.13 


d 2 x 
dt 2 


_A 

m 


(16.13) 


.a^lxll gjufc ^-Luaj 0)^ ^Alt 4 tidlll Uj^j 'A' 


d 2 x 


-co 2 x 


(17.13) 


»4_uli]l 4_>-jjJI ( _j_4 4_iluoLiajjl 4 J.jLa 1,! tfJuA {JJL>u X (£ ) 4Ji_i ^Jl ^LbtJ (17.13) 4 JjLlU J^>J 
44f^>Jl 4 JjU d>3^ o* oM tv<a (9.13) 4 JjIaJJj (17.13) 4JjL*J,I 

^ t^> till t1 

x = A cos(m + 0) 

Oil • x = A cos(<y/ + ^>) (jl (_ps>li <ajj (jjj 


— = A — cos (cot + </>) = -coA sin(wr + <p) 
dt dt 


d 2 x 


<a! 


dt 


d 2 

2 = -coA— sin(arf + (p) = -co A cos(co/ + 0) 


<7/ 


jl jl>o d 2 x Idt 2 *x 1 (ji!! cjV.iL*Jt! 4jjULaj 


d"x 

dt 2 


= -co x 


^ ijbjll 2j_aJI jj£j l_ a, i i c 4j| ' " •"< liDj o^J (17.13) aiiUl! CjLuI j£Jj OiijiJJ 

f y ' I ‘ ’ \j ~j ( F——kx ) LJ jl ttall gL>i iVI (_y3j j (j-j^ 4 Uiii jj> A-a-ljVI bjjis ui uLili i 

— . 4 t-w r n ) 4jg~4l ^ i 

u($ (^'•l*^) ajl_jL.a T - 2jr/(0 4Uj 1 1M 4 j n 4l^j 4^^j>. (j-^j-ll jl 

jpajJI j^. j. i a i jl jSLaj jjj O) = 4klm jl 7.13 j 6.13 (_yl!jLji^5 j^> jaljLjj .(jjjjJI (j^ijJI 


T = — = 2n j— 
co V k 

f=l = ±il 

T l7t\m 


(18.13) 

(19.13) 





uiu>>l .udj_jjj_L! £Uj?l ojIj (_xjlSJLI 4£K (J ^£. '4 (j!ju»j_*j (jjsjJ! (jl (_£l 

Liljjjjl! j_Kl (j$Sj 3->_pJlj jjsjii U® UK ijIujJI 4jui jjic- ijl.v<i~«jV (j/ijJij jj! UL!j 

.^Kll culj UK (J-Sjj (j-jK 4J k ^L>.jV! cut jt,>5< (_jjJ!) (£j3V! 


(1) 4luaL». 5QL>» 

4_£ij_^»J! (_3 j_ju ( _ r j]! (3.13) 4jjl x <L; 1 _ r jbj._i.nil ^.j »U i»'i <4_u»U>. <UL>. i_sj_ an 

. .__n£L-.a dJj-tjj (j-a 4 _(jK1! <Ujiaxl! SK^j^ » / 11^-11 ( _ 7 SJ 4jjUi,l ULIj ^..t ^>-~ 1 » i l_3^jji_j . dUj ... .11 4 ^Vq ij~il 
JJlC. Jj.Ltu a ^Jkj njjSUoll ^ Q~> a aLK^j j<u (jljjY! j-loj (j4 A 4-3UU. i_uKJli UjJL>- JL3 Lul (jjsj-aj 

tJ K . j“< <^-3 —a i— 4 —£ (jLSLU Ijla 

J jc—A ^ 4—oj!jujjVI 4 JI_>J! . (6.13) 

<}>=0 U J^r.\ ! ji t =0 (j-ajJI Jdc. Dj=0 

. J^Ji >* x=A cos col (jl .)._■» 

Jjji_»j 4_j 1 ito -»->U ! Juk j j ~ '■*■ ' 

cos 0=1 A<> -v t=0 ju^ Xj=A JUj_iil 


*= 0 
■ 




<= 0 

Xj = A 
», = 0 


x* A cos tot 


f- 1 o*3 
4_j^UJ! 4 JUJI 


4-11_ \a 1 Jl—jj —ajjj ... t *C a ^j-a 4_ajlS La (6.13) [jSLui 

x =A cos co? j <j >=0 JJLaJI ajuk ^ x l =A oic. j/C ...11 

tf jt^J 4 U « ! Ij 4 jC.J m.li 4JU. a Lt.i m (j^fl . 4 -ul Juj^il 4 JUJ! <j£. CjU_jLl 1 I jjUiaju (J), A (jl 

x = A cos cot <1>5 

dx 

v = — = - ojA sin cat 
dt 

dv 2 j 

a = — = - 00 A cos cot 
dt 

Jlj£. 4J ? j.J 1 4-1 jl—«-a {ja .1 = 0 JlI^: Uj = 0 (jj! sill 0 = 0 (jl Uj 4jI JLjxj 4-C.j. ju! 1 4jjl_a-ja qa 
(jjSj ; .jCII (^U 43 -aJl j)V ^ i» j I 4 J 4_ubj_LjJi 4 -jj-LLj! (j-4 4_JUJI 4 JUjO! eJJt a=-co 2 A t =0 

13.6 u3t J-Ic 4_ji jJaljJ! ^3 03^3 1 jOlU^. jl au. Jl 3^tj 4^ JeJLo 

r = A r<»« ftU fiV- A — lx A !m a. a .^A t “ . Nj t t a 11 * .1 ... .!! . *, A . T? — lx A 


j~r 3 A X —A COS COt (jl (j*u3 

( 14 . 13 ) tan ()>=-u-/(o^ (j^.no 

Jfe) (j) = 0 (>43 tan (j) = 0 i/ =0 j-ic, Oj = 0 o-h>- 

4 ^ j ^ ^jj (j)~rC (jl VI j-a. j-r> (^ 3 \-u tt j 1 Jt 4 , 1313 JI 

a(x 4,1 4 ^U Iki. 

(j^QjJi ^-4 4_>.|jVlj 4-LaraJI3 4-C.^. ^J1 ^gjU ^4-uj (7,13) 3 ^^ 

^ 3 —4J l—QJwlc (6.13) (J£-iI( {JT ^1 *_4JlSLU 4—< 8 3 !^ i t 

Dj =0j X-=A j t ~ 0 4ajl Jiajj 4< u\ 4a iTflfjli iSjatj 



c-fcA^JU 4 ^ 3 IcxaJL 2 4-1 lav ^ t T) O' 4jIjl-JI 4_Lxoj . (4—u»L_>. 4Jta>.) 

.( 8 . 13 ) 4 -Lu.U 


(g) 




Aj^1 


Cs) 


,,! V« 


{J-uaj 4_L>: *11 dij>»V 4_i*oli*Jl UL>J1 4_1 jse_*J!j 4^^_LuJij (7.13) 

ljU4> J-Ic. ^SL<u Lc l)3^ 3j-S-II (jV ±Aa. 4-^ 1 <^JI (Jj-caj 4jxljVl L<;j±0) 2 A 4 _^_l5 ijr u2L$\ c , II 

X =0 xlc. CLjJL^j ±0)A ^J)ju3l2J1 1 ^Il4-l 3 ^1 J-t-<a3 4x:^-ouil elll j ^1 


(2)3L^l^aJU 


JUjC. 1 ^0-3 (jt-^ 4iaJtUi ij ^2 £)\ «..j!i 3- 3tJ 4 _uIjlIL) i 4_C.j-i_u 4. J <.<>.*> 4 _ x - « £JLl (j\ ^y£>jS.l £1 i 

«jI1j ob x j-jju i _ 7 nli ijjLitXi .(8.13) ^Xm t — 0 d=x)- j x- —0 4jl iZ .a sxx 

y-i . i' 1 


X (^c. i i * “ill t ~ 0 Ju£. X j— 0 {jl t — 0 JllC. t X ^L>ol i. ij>£lM jj'd 

jl_>o t — OiXj —0 4_uLi "ii^l ■ ^^j laJlj (14.13) 4Jsl_*JLi j^l jlJc_j _i_uL x -A sin cot 4 JjL_*JU ^ j. < .. > 

fx =Asin cot] IpjttS ^SUjj {x =A cos(cot+Jc/2)} ^. .^i 3.13 SJsU^ jj] <(>= -n /2 3 tan <j> =-» L /i 
5JjLlUj x wj«~ft ;j£Uj ;jj! A = TJj / to (j! A.n~*i-i 15.13 SJjLlx 


Xj = 0 

t= 0 x= 0 



i 


* = A sin cot 

1.t i) 1 <*^M <LjaISI. (8.13) ill 

d_j— c.j —im ojL^ i jl— s t = 0 juc. (j^ 3 

< X J j TF . ^ ' 1 . tj^.Q i jl Oj 4_utjLJjV1 

x = (tij/(o)sin oat SJjUaU U.U 


v i 

X = — Sin ft# 

CO 

(_jjk 4 JUJI OjUk (_ya 

dx 

v = — = V: cos a» / 
dt 

dv 

a = — = - (DV: sin ( 0 1 
dt 

(1) 4_JLHJI JjLZj>JI (j tt Vi gjl.V,ll oJJbj 

(2) j X —0 .L~ir t_4jlj ^ a 4 _^£. j_lu 4i ^<. * . 5 U 

(JSL2J1_5 x=0 JlIiL ii^r> (jLjLc-uJ 4l2acjJlj 

4-In al£ 0 31_5c_jLj (7.13) ^Jt> cilljLJ 

" .4Jl^JI oJuA iJ 3 


^uL>Lk^ 4 _Lsj„J<I 4_jujI JojjI (jVI *T ^j-aB . c_j Ju jJLj 4 _c.Jj tl^LIn-a ( j^s L 4 — 

3j^o 9 JajjuaJLi 43 jIHIj I jc^l 4 u t ii!L> k o^i 13 L$. Ll >5 

4 _!-}LjL >5 ^3 ^ (i ->Q Jjfc . J) LlU p c u i l_4 uU5 4_Cj) <^ > J. I T ^J-u5 4 _oj 1 j 

.(19.13) 



tSoitSuti- jyvtfjaji) 




La^ jLxt_dl 4jij—dl lilj Cf xl l . |*<U (jL£ (i! X 4j>.ij5U 4_l uxillj (^-_>J1 J f& La 

.8.13 JSLii 

(j*j*>J\ ^V 2.13 Jll4 


L$J . Springs c.nm £jjl (_yic. l$bLa> <ji 4^«j^xa 1 300 kg IgulyC SjLuji 

jijSukV! jjjSi * * < u ~*-i. 160kg 1 $ q"< 1" 5a (jLccxit-oj SjL_cJ! (jU£ LI 20 000 N/m SjJs cxjL 

. (Jjj-LJI i _^3 SjJL- fjlz. Oya (j! Juu SjLxj.11 

-£)] SjLj-txJl <ds^ £jj ^Jxa-^ 4 ~i m ixi (jlil aLLjjLj 4 _£.jya Sjl j t till 4 ~i 1"5 ^jl t jSaj il l M J 

.365 kg Jx^»L 4~ixuin J£ oM 1460 kg 4_JSJ1 <LSJI 

jJfc 19.13 4l>Ldl ya jljjfcVI -5->jS u^l 

/ = , (T =± mMM. us Hz 
2n tm 2 jt \ 365 kg 

jjCxLaL (jOjlyixfet SjUxxJl jiuS t _ 7 SU j»j5kl! yajJI La * j jj 4J 

1.7 s :2bUVl 


>2Jj-uJJljc-utSIXiXajJLJut 3.13 JO. 

■x in SjjujJI j_>- jjfcj 5.0N/m 4 jjJs CxjL > aj a *>■ tilj-xjj 1 _ r 3 * f* a 200g 4 ?il"i 5 t.iiL 
Lai* jqSI mil jojaj ( j-a i_jjujCLiJ ijJjj j«u (jljSVI juiaj (j>a 5.0cm jl. >Sa) t_xjLLU ^jjl .li/lfCx->.511 4 x4jJl£. 

.(_^jjjJI (jjajJl <_xxjxa.l (a) 6.13 (Jixi 

(jJjjjjj i-..«5 a /yi tLajJLla -SJyiSI (jl JL»u 17.13 , 16.13 (^yljljui £y> t 

T I 5.00 N/m 


co = 


2n 


1 200 x 10~ 3 kg 
2k 


= 5.00 rad/s 


^jjjJI <>ejJlj 


7= — = - = 1.26 s 

to 5.00 rad/s 


i.xji^aU 4xljxx :x-i:- ; yi . urw l (b) 

10.13 4JjLltja ^ JkaCunTi ! $J^fc?l 


t) = coA = (5.0 rad/s) (5.0 x 10' 2 m)= 0.25 m/s 


(«?) 




^c-xaSLxJJ 4-LfcT. (jy o-a5l {jr a> U (c) 

13.11 4j_il_*J.l ^<< 1 11 4^5^! 
a max = 00 2 ^ = (5-0 rad/s) 2 (5.0 x 10 _2 m) = 1.25 m/s 2 

• 4_bsj»J!_j {yi j^£. (d) 

cj-&> ^Ijl2t..j ‘ x.Li x —A cos cot jjt> uj^f '- J '~ ^ (0 4->^ol_>Jl 4JL=JI ~<j Ijla :i 

(ji jl>o (c), (b), (a) (_y3l jd<* 1 ( _ T i!l jjljiilj SJjLm 

x = A cos cot = (0.05m) cos 5.0? 

u —coA sin cot = -(0.250 m/s) sin 5.0? 

a =<o 2 A cos tot = -(1.25m/s 2 ) cos 5.0? - 

cj jj jCUl \3.13 

ENERGY OF THE SIMPLE HARMONIC OSCILLATOR 


£-Lu-uJ 1 i (6.13) (JSLia? C-tA^LU 4_^a4 _jSLjjISLj^J3 4_bLLxII 

^ i, \ V "i i a 1 . ^loll <_jL4I ^3 L*_£ 4jbij 4 jlCll 4 _a^_jJI 4-^LLaJi (jl (jjJUl 

US 4*>Jl 4*>U* ^ 13.7 4JjUI 

(.^■v.-dt a<,^ti s^Ha ^aj) K = ^ mv 2 = ~ mco 2 A 2 sin 2 (to? + <j >) (20.13) 

1 2 _ . . .. 

(4.8 4Jjsi_*_o) — lex 4JjL*-U-J ijr i^JU X 4JllV< tu\ ljy 3 j_jl£D^]| 4_^LL> 

(21.13)4jjUil ^ i^. 3.13 jitii-uli5 

(c-ijaaiuli <lsLL 4jjl^ (jr^j) U = — kx 2 = — kA 2 cos 2 (cot + (f )) (21.13) 

4ui£Ll! 4 Kj. ii£LJ.l 4^LLaJl (jf lu X -cj . CO^ — klifl (j'tl 4_i_>.^ej L^j_ 3 L4>lj U t K (j I 

i^auJI ^II!l <_j4jJ eLaU 

E = K + U = ^ M 2 [^sin 2 ((y? + <p) + cos 2 (cot + <p) J 

sin 2 0 + cos 2 0=1 j! cico-j 
(22.13) 


4J^l*JU ^ ysi'j ^^2]! J^l-S 4 ^aSJI 

ujjujG-dJ 4 oKJ! 4^LLaJI 


E = - kA 2 
2 


.4_t tu!l j_4 t._xu^lrr?j 4£^>J! J^i j-fi *tj Jraoua41 c_ijjjLLjii aJSJI 4^1 U!1 -j! 

£^_a— >41 {jV * 11_9 II j. j jl^ 03^4 LqJu£. \j j t. U jl, I J a 



~fr 


ISLc*L1j jiJ($ ISLutSLdt - J^Vf 


i _ 3 ^ 4_jjS^—>J,l ^-uojJI 4BllaJ ^ isi Ju^>Ji ^jLiuu 4-u.lSJI 4 -j^ljI^LU 4 J 3 LL 1 H ^ji . llulj 

Cxxjw *-aJoJ JLul . 4 -^j-jv 4_bLL> J^s.^3 V £>49 J *-uo^ii i J_A jJlC. X) ~0 X = ± A jJ-C LiJ^_Ljj>JI 

4 . 1 7 

f ^{ — kA^ 4bLL> (j 7 -^- ‘ c x ; i-i^-^^ 4 bLLxH 03 ^ x =0 U —0 

r- 1 2 1 2^2 I & .2 I , ,2 / . rv\ 

E = — /?m max = — wo) /4 - — m — A = — kA (atx = 0) 

2 2 2 m 2 

L *£. (j>—0 c^_r>.(9.13a) -J5v-i*< i 2 >jJl 4 4^_>Jt 4 bLL> \ \*>< 

4 |1< \\ 4Blioji {jr&J — /t/4^ ^->13 jljuLa 4kt^.V i£\ l <i $ c 4j_>- ya L<ulj U , K 

2 ** 

(j^j L<ui_l <J4aLLaJl .(9.13b) ;j5Lt2i 4Jt-L2aj-a <_X 4>.tjVI K , U ^_*3 . ^jlaJLiaJJ 

. i_ a£j_>. 4bLLsj "kls^js^jz 

BjjjJ uJj-oj-Jij 4-U £-xo^Jl 4sLL>j 4aLL 3 4.1:*-.*?!j 4-C.j^uJ! (10.13) jJ^u 2 L 

^_)l LuJ£L a j i^_L_-wI .^Lfrll ^JSLcoll \jjt ^2_>. I ^h .La ^j}j. i.i> (_y -21 ^L^Ls^/l . 4Lal_^ 

Jwlc. 42231 4 _j^c2 jjjJojlj 4j)Lu>.i 4^ij] 4 £_^_j_uJI ^.2. J ls* Let-.2 4 bLLxJI >.Lrt2>- 1 JLu/s ^Jii*2!u-uJ 

( _ r L L»2 x ^jla>.l 


E = K + U = - mv 2 + -fcc 2 = -M 2 
2 2 2 


v = ± 


—(A 2 - x 
m 


2 ) = ±w\[a 2 - x 2 


(23.13) 


r 

K 


I'm i kx - 

i- 1 '/ 

K * - OTI / 4 


S-Sj-^J! 4_3U= (a) (9.13) JSL£ 

i j 

<-jJuJl 2*1 ^-aojJI 4—flUoj 2 

4BlIa (b) (jl^O 4 _l3 <« ) ^.2.91^3 

£A 4 J 3 II 3 J aSj—p*} I 

._Jaj—4^1 .^2 —biyj CJJLJj—jj. 

A'+t/= constsnt i>o]L>Jl 



A\ V 


(a) 



4 ^ j .2 ->JI ^_o [jn23 L^j 1 j_>o 43 jj-*31 diVL^J! £-a ^3433 dul_£ iji Lq 23.13 4 j_}t*_>o j3^. 

X — ± A JLtC. ^ I l 4 LuU Jl.It. X =0 Julc. Lo (Jjlc. 1 4c.^_«_aj I I 





1 I iJMiC UuJLaJl 


C«D 



-.4 0 A 


jJuuJi A^jSK-i 4~9 ^_£.^ * iJlSLU 4^qj l^.ll <4_li_tiXi_J! 4-^2 .b!^ uJl 4 _£j-_>JI (10.13) ^Slta 

(Vaj t =0 , X— A <ji —t_<.«iCl, 1 4aa ij£l La ^}\ j.umj jJj_i_>Jlj Cj i^j_>JjLiJi . Jao-cu-Ji 

(I4x^L>JI 4JL>Jl _^t->-ii) x ~ A cos cot 

1^-3^ cillju l—u{ . 4_uLsl^lIl 4£^>Jl 4 j_uIjJ ,^3 ,1 ^ .>JI lj_A J£ <J Juj IjLi ^J^L-alu J3 

. 4-ijljJ^^.II ( j H a JljJlaU 



C ~A\ 5jaL*JU 4ji jJi tiijj (11.8) Jliil (jy3 j ^—jjLi_i] ..t ^s. ^^jlu 

4_^LLd ^ jsz-la <2>-' <s aa!I CjL>3j^J 4j1 (^Coj (11.132.) (J£^ . L*-o CjIj jJlj i-iiaauu 

. Jaa-u-uaJI ^JUwLLqJJ 4_^Ua 4_Jl«} ^Jjau ^ jJ! /^Q cJj!< 3 t SJljJi <?Ju$J 

/^aJi .(11.1 3b) ^3 4 a ^ j 3 JlJL*JU 4jJ jJ I i_L*J^JI ^£^3 jJjLc-J L w SLq j 

^-A JuJljJ! i_iU Jl_£ j-i-u-A-i ^i-uu-^-3 ijyi-i-ii ^>a4>i j.i u illV < iLaJl IJLA 

. lL03 4_*_xjjI (Jloo ujlaSJj I Jufc ^3 Ajuu-u 4_oLj^_uiJI 







(J ^ du {jC. I jL a ■ « - > otjjJl cllj -- '* --" j Ijj (a) (11.13) ( J£»/ 

( *-o 43lio 43^L*J! 4, LiAtJ CjijjJi £ru 4.1 ioLail 43 LlalUj 43Ha 43^L)til 

Ljl> 3 CjljjJb d 1 i.ii.xb ijr ll! ^JiL<u Oj. (b) .Jo-u_uj3i »_IJajJLall ^jlSJ.1 


£da.Lu ^Lz. uiilujGiJ 


4.13 Jil* 



jjy aJ%\ ^Ic. i-3 JuJub 20.0 N/m 4J SjJLl! (. a j a jJju^lILq 0.50 kg 4 7i b S> uuJt^Lo 

.3.0 CITl 4 jIu jJl 4ju^/ OjI^ ! jl . <. .laSJI 4x.^_cuJIj 4_>o^ib-Loil 4_iiSLll 4^lkli (&) j 


(j( 22.13 4 JjL*_xi ^1 jiiciiujiLj i $ 

E = K + U = ~kA 2 = | (20.0 N/m) (3.00 x 10“ 2 m) 2 
= 9.00 X 10~ 3 J 


tip! E - — mv 2 

2 


M j £/ — 0 b) l ^-2 aj x — 0 ^—l4 I 

- mu 2 max = 9.00 X 10~ 3 J 
2 


♦‘C U (jj 5j La.ii, r. 


U. 


18.0 x 10 _3 J 


= 0.190 m/s 


' y 0.500 kg 

2.0 cm <c>-!j5n Lajux. ^aSLU <tc^^u iJJ jt Lo (b) 


23.13 4jjUi 1 

v = ± J-(A 2 - x 2 ) 

V m 

= ± f 20 - ' 0N/ - [ (0.030 0 m) 2 - (0.020 0 m) 2 ] 
i 0.500 kg 

= ± 0.141 m/s 

ciil3 jLu-jjl jjcjj i-^-5c-ba {j\ (j&Q-* i_<j^LU (ji t/Sp 4_JLtoJlj 4 j.j>.jI! jbjliVI 

. 4Jo^tiii 


(M2) 


AjJfAS^^JI ukCi LalLllt 


^ 533 ) 



2.0 cm AjwIjV! 3 $^ La jJlc ao j)!r> i^U asLL^j 4£^_>J! asUo l-^<.u.>-I (c) 

q\ J_>u b {J ^ 1 gjlf. 1 il (_yxll A^-lllII ^1 JlitXujlj J 

^ i mv 2 = | (0.500 kg) (0.141 m/s) 2 = 5.00 x 10' 3 J 

17 = - he 2 = - (20.0 N/m) (0.020 0 m) 2 = 4.00 x 10~ 3 J 
2 2 

K + U = E o' 

5 0.10 m/s i_jjkSLI,l Aco-*-" 03 ^ AaJj^U A.ojA ^1 jj£. : 

.(±2.55 cm) «2bU.?l 


THE PENDULUM ^4.13 

iUmuhO JjaJLJl (a) # 


, 31 a- AlLl£ J-oj 3_aj j-ivl (jr SLjjL^_ux3 ^Ubj j-& Jaj 




8.11 

8.12 


ji ^j^-i.lu.1 1 4J^3_><J3 .(12.13) {_^ 1—4^ *1 1 4_kijid 3 ^ cu-i b a L dJ^Ls < <i j <i-w > !^>j •>j 

. 4_loL>-JI 33 ^ (J JLj3J 


4 j 2 _bI 33 03^ A$3_^>JI 3 ^ (I® ^j^a ) £>j j. t i^-> 0 (jl 



m£ cos $ 


04j$Ij-J (JjJuuJI <_jjj j_Ib i_ a J. i.r. (12.13) m 

4 Irtj < >t 1 4_t_rt_£lijp 4_1 ^j_j>- ^jpS 3 ^_i_*_4^3 

mg sin 6 5 >-^ - 0=0 

♦ 4_u_uLo^ 4_u jL>JI 3^^ 


4jI i_£ 3-^J 

. aLi.u *i 



CjUc=l 3J 3j_C lUj Ui) JjjJb A 

. AJUJI oJJt 4_uJljJl 1JI 4^Ji Jji . 4 juLUL<s 
521^,,.' A_3^l y 







ISLuiSLdl - 


SjiiJ cU^LaII 4j£jX($ mg 4_u jL>J I 3 j3j i lag ->JI L^j Ju2e_j ^ll! T 3j3_!i (JjjlJi ^lc. Sjjjll jjiaJlj 

.^L>»jVi 3jis < t-u_4jL-qJ.13j3JI jii j.u^c 0 ~ 0 ^L^ol ^3$ ^J^ju mg sin 6 4^.oL>JI 

^^UII i>L>oVI 4£j^fc_U Lr jl!i]i jjjj_i jjjtii jl j£L<uj 


d 2 s 


^F t - - mg sin 6 = m ^ 2 

3 -^-! J^-iu 4^UU 3 jail jl jui 4JUJI OjLtlVij (J^Jo ^Ic. Lt-uLia Jiili 4j>Jjt jA S C-c_p- 

^j jpji .dul5 L j! (1.1 On s —LQ jV . (^jjo-fcJI aL^o^l cr s) jljjVt 


d 2 0 
dt 2 


= -- sin 6 


4-Lu.mj 4 4i$j_». sin 0 j3t *$ ^ 0-^3 sin 0 ,*->3 ^ <^Luj j-<«^i u-oL^JIj 

jt j£_xu ij-L-JL-uo 4_j oij 0 jt t Ua jJL^I jJ Lut 1 .(17.13) 4 JjL*_U 4JLuk Cj.j.11^ 4_^^vL*J1 jJJLA jV 

^ i jua3 >,o wai31 (JjjJ_JJ 4 ^jj>J 1 4ijL*_xi jjt sin $ c-ojJjiJ! ^ 


Ja-u-a-JI jJjJ_LiiJ 4^j_>JI 4_l_}Lfcj« 


d 2 e 

dt 2 


g 


0 


(24.13) 


4j-3.aljj 3j.jfci.olt 4_fc-i_aU 4 ,j, «u<lL> 4Sj^Ji jl g- a/" < .i) L 4 I*j (1 7.13) 4-3}4 aJ1 4 t mi! dJUb^ 

L^ojLj^ j£L<W 0 j3l 4ixju-aJ 

0 = 6 max COs(t 0 t + <)>) 


_}J>jlJ!^ 4jjijJi 4jvtj^iJ 4_)l^lll (jj-A 0 


max 


Ja j 4 h jJ i (Jj J Ujil 4^j_>J ^£jijJi 


W ~ 


7= ^ = 2* £ 


(25.13) 

(26.13) 


w V g 

< • tlj ~ * OA -Jl jJ^jLLil] ^JijjJlj 0^3“^ 


-I 


Jt a-Uuo Jl JjJuuit 4 £jjkJ Jy 3 ^^ 

4 1j& rj <.laj ~>J1 (^3^- 3 ^i- 3—S jtJL-4-3 

(j-iuaj 4J Ja_L-t uj jJjJlIj jl ^. Vu am . > 4lUSLlI /_ 7 1^ JL -4 ^ 4 -JfciV jjojji jl (3 <. j>j .4 _j_oojVI 4_o_ijLj>JI 

4^j_ 3. ju 4jl . ^jjjJI j-^jJI j«d ij c-jJLsjGj (C-ulii jlu 3. g jjSJ Coxjj jl£U.I j_oJj (jr^J jJjLJi 

. (10.13) 4jfcaoj^a uiljjjjJlj fc_-*_stSULt 4 j$ j)L~> i.xaj Jojj-ajJI ^jLLJi 

4JjL> C 3.4jJj jJI 4 _Lqj j^f C^jJI j^jJ 4-^1 JuseJlajSw<u Ja-j-iui-jJI JjJuuitj 

4. 3a 4J CliLiaiLJs ^J^jl J 4^j^L_a 4_ia_<_uj dJJ 4 > 3 Jl (g) 4 _j-loj^M 4_u jL>Ji 4 _L>_T.j 

4jL>J,I CjIj-uuJ! jV 4,A1 j>3 3 j-l^ 4jv.jJj ^jf. cUjUad j3jl Jui>j . 4 jj3Lt>JI 4 \srC. j_uG Cx_>u ^L^u_v-^ 1 
. 4_j J l iol.41 4 j-ftA' CjU j j_>- I oLaliwj jjH JI Jj>- I jj jv^Lal j£. CjLajLfc^a ^Laju jl j^_4J g jl JuLa | ^ r b 


(mT) 



AJ 1 I ij~.tr CjLtlt (Jtrlrttl 


(M5) 





(jljjl <JL^ dJjJjj jj>a J^b-xa ^ 4ull5 <» 

4^ua dJlL^j ilj^-.i i^-l1 OJL>-l t^ySLuLlu-..! 

IJb .l£J j -.ojJJ l* 1 i-^Vl Jj-LJI (2>-C. 3jL) / 

^jjjijl lJ-A (jtajtjjL_3j •— 1 i-*^-li_5 i23j-lj>U 

jl ( j^Q J. t M ji ( 2>- A tj^l 4—aj^b-lH 

4JL—£j L 4j^b 3^ ^ 

. W 49jls ^ JLlU Jil'Ji 

,1 -a.-» * Foucault cJ^iTj-a J^jl-o 

J^jlLJI Ijlaj . I—j—XL^LL a —a 

|JUJ! Jean Foucault jyy 

.^jVl oL>J J 1 jL c C j - .* H cr^ ur^j—^ 

i - cuJt 1 jJjJLloJI 1 —jJLjJGj LoJ-LlS 
3^x11 (ji i it-j->» jjJu 4_jL^j j_L-iJ 4 _j 3 c_ijuj9b 

I oLo>L*JI .t-> « *»■ t jJ^JlIjJI 4_jL$j ^3 

o' £^(41 (jt- 3 • u-cpj—iJLi <_^jVl 5 ^j1j ^ 

L ys>j'$\$ (J7 3 C1 *jLj <-_j jaJ^jJl ^j j mi ,<a 

(jf O-J 5fc_J i—jjuj iXl ( JjjL_i_jJi CjjH-3 JJ jLJ 

^jlLo^sj JjJuLjJI o^Lal oLa^LjuII 

. JULJ I4J 


.jru 5.13 JliU 

4£jjla 4_jJjjJl 3jo*j <jl 7"jM-Sl iCjLcL-u £_jLu 3 j^-CLl (1695 “ 1629) yJsz-xJb q\^uxmJj£ 

Jl^bVl 3 J^>-a a Ill jljJLa La , ^1L 3 J^la <LjU 4J-4J st-fcj< J^JuLj ( j^L_u! {J^~ 

. J-3_i Jl 9 ^^_x_t2K £*1^191 <j\£^ 4aJL>JI 


L = 


jj isis>u 4_t-oiiJL (26.13) 4 JjLlxs i 
Th _ <1 ,)* (9.80 mtf) = a248m 


4;r 4^r 

J_L-C. Jj! <l\-vV .^_HJU 4_jJl_>Jl 3 j^>-j ^j_4 ( J31 qs ^ x-ulm 3j_j>-j 

3Jl_>.!j 4_j_sIj 4jS ^.Ir. ^J^v. /yajJI g 4_ujl_>Jl 4l^rr 49 j_jl> 3 ^9 49jJl 4_>.jJa ^JutJu i«U 

. 1 L ♦ < 1 L 


t&u&tf - j/YUjaJt) 


Physical Pendulum JjJUull 

J— u- Jt- j j 4 _u^_3j ^K<« >.11 Ij 4u£l£ j£^_A-> J^CJ V (J^>- 4 -7 j 3ijJlIu Jk-A (jL^ iit 

JjJulj 4^kUI 0 Jufc ^^,-i.uj 4JUJI dJL4> . da-t xu.) iJjJlu. 5> ^LLalll IJLA 4 XaL^uo j-xa-juo <_33j 

3^j2 .(13.13) (JSLijj <iaS3l jSj~a ^yC d 4 _bI i it a ^lf. 0 4 lo3 i ‘jjs I J^qLj>. La < u y jl 3) 

0 c.<a>- wigd sin 8 ^3 til! ^jtj^jJl ^jx, jl jl3_aj 0 4 L 3.jib cJj^ Oljj-* 4 -u3L>J1 

cJ-5^ ^*jx I Cu> ^ X “ I(X 4^>J1 (jj-iUs ^i jbclu-ubj .(13.13) tj$^u La£ 

<jt JL>o O 4 b 3 3b jilt 

, • * f d 2 e 

- mgd sin u - I —^ 
dt 

f'j-*^ 4^j3L>Jt 3^a <jl {_£\ 0 ^^sLaji ^J-4 -ju O ^jljjjJi f k -^ c ' bd Cr'-b* 4 jJLoJ! 3jL«jV1^ 
4_LLxo L^j! j Lu x i lu5x a> << 3 1*1 1 ^.<.a-^JJ d^O ldt~ 4jjlj < d-^cx Lulo .su 4Jj>L*1I ejjt 3 ! Lajj •£b*^i oL)-$*^ 
JjJbtj 4Sj ^>Jl 4 Jj)La_aj sin 0 » 0 L-ijjJcu 3j>. i*.i^o 0 4^lj>Ji <ji Llua^Js !3tis Ijl^J 4 £j^>- 


Pivot 



d 2 6 _ (mgd\ _ 

. o ~ t _ I v7 — 


to 2 <? 


127.13) 


Jj^ (13.13) JSmi 


dt z \ I ) 

17.13 4JjIxaj A^.i.iS'n 4JjlxM eJJb £)j CU-p-J 

4jjLxli <J_>* (jl <^i *4b ^ ■ ui 4 j 3 4(p 4Ji^_>JI ^jji 

0 = 0 max cos (oot + <)>) (27.13) 

4jj!JJS 4av!jMJ Cr u^\ Jj>Jl p 0 max e^p. 

--If 

cAi>^ U-V^lj 


T 2n - 1 

T — = 2k —— 

a) y mgd 


(28.13) 


li! . ^ * <* i i 4 JuoL>- i <li-, 

SJjlj-a ,jl Jajk-V .(JjjjJ! u^iLaj jJ! jj_oa_a)i jLaejVj .(jL£l_j_p_si_a d (^p“J 4i~ < v]j 

LojJc. |_$) I— mtfi (jLajuc. 13.26 4j^Ljt_>i «lij.-<i 31 2a ti 3T (_gjjjJI (28.13) 

J 

♦ 4.135^11 Jlx. <>j£^o 4K 4iX^Jl (j 3^3 






i tOlall (3*^01 


^ ^Cpf^- 1 


^jQili ijiAiitl 6.13 Jli* 

(JSliu La5 2j 11 < ,-~> 4jjJu4 4jla*j t-_) JjJujj 4_j3^1o JL>.1 £yi ^j.1. a L 4J M 4xll4 p lag I t . i .>»a 

• 4_j jujil] jlII i .im'vI (14.13) 

4_jj3j2a Jl>.| JlJLc. jjj*— a ^ tV* 1 a ‘ _ -j at j^l jJI jj i.a»nll ijt LjJl>-j J-a“L*JI <_jl_JI Ur^ * 

f^s cjI—laSUI <„*1 i~i (J^L>.L — ^jL^S 4.jl~ < > y£j~a ( _^11 4 Uiii (jjo d 4_sLmJ,1 j 2. Mi}i£ jL...i 

“ 2 ' ‘ 3 

Mb p ivo| (^Jj La (28.13) SJjsLt.. 


,-^a v ,, ^ (14.13) JSOi 

JL^>! jJa. j^at-a (J> jw *-r 1 4?4lj 
tjr jl_jJ_j—3 jJjJulj .4—slj-Lal 
10.2 £ /2 4_ia 

7=4" ML 2 


T - 2 Jt 


ML 1 i n , 

3-r = 2,& 

™ S f V 3* 


Jjfcj} pLua^Jl jljJ JU*I J->» <1^11 ^Uui 4jyi^- J03 1^11 Ju£. I ^ul xi 

J *->-1 ^.Lua-oJI oj S l . j-m {j.a ^ aa H Cr^ cr^* 1-1 

iJ7 ^ cillli Lr ^ 1 JL>.| t <jr jLjj-i3 JjJlIj <Gl£ <_i Jo Juu 

t i u (jr 1c. 4_ujL>Jl 4ilXr£. ujLulxI 4oi jV~I i g \J 

.cjLiL_uj>JI cilij l£jo%o (jl ^JL*JI Ijla ^1 Wi■»I 

J—>• 1 [j-A (3^*-^ J- 1 -* 3^3^^ <- r ^ut->»t 

(jr j-u\j 3 y'tuuA ijr ^ i_i j.ijujj 4_3 j-L> 

1.65 s 





Jj-xia (15.13) JSO, 

jilt u {J- 6 {_jix_A O—*1 —>■ 
~>J 1J . 1 Jl^jv Cx *1 AJ 
JainJi —>• t_J j_ij—oj 

4_» ta'j OP 


Torsional Penduldm O^JVIJjJLLj 

4 ±*lc. Balance wheel 


t |^ l "a l l |rt^M 4-CJj^-iJI 4_C.l_fcjJl OXJb <l?r £. (16.13) iil 

^r - L j_9* J “^ o*~ 

0 ^£3^3^ ^ tu 7*1 1 iS _p4? i~i.fi .a JU a JosLv. ^ (15.13) 3^" 

Jjl (^1 4 jj! 3-N 4j>-i3^l C-xX4jLlll ^cLkj] (jlj.3" 5 f3-V <jj-l 4 . 1 tII 

r = -k6 




ISLulSLttt - 


li 


^2k jJjl-C (jijj3 AwUcG-lxiL} K jljU-C 4_3j_jt^0 ^jUuj t i l L u- U C-Ajiii t^x* . m l (kflppfl) K Ca> 

<j i -i_>vJ 4-uljjjJi KjjxJJ ^lilt ipj_u (jj^U ^l_L*tIL. -aLj 0 L^-yUs jjUu ij-1 ULUJi 


x ~ -k9 = / 

d 2 0 _ 
dt 2 


d 2 e 

dt 2 


( 29 . 13 ) 


i^jjjdt (O — \jK I l j£jUu5 4j Cl) >.k j <t-jjoJuLo 4jjL*_a 0 Jufcj 


JjJ-pJ {^JjjJI i^j-H 


T = 2ji„- 

K 


(30.13) 


LJLj I U,Lk 4JUJI j^yS £>j. ut j^> 0 <J_ju>vI CjIKUbP . c !j_jj! JjJlIj ljr 4.LM : i k <11 \ Jufcj 

. c.Cl.iuU 4_ijjJJ Jt^v jjktlu 

Uj_-ujJt ^ya l_gJi_3Lk vi_<i_} .uJ j pjJllj (Jjju-K i_jjjJLJ-3 4 _U—l-uJ Aljz-C. Cf^ (16.13) «^E| 

. 4x. L lm U 


4 m 2Luljjjm J< AI jfrj 4jjULa > ^5,13 
COMPARING SIMPLE HARMONIC MOITION WITH UNIFORM CIRCULAR MOITION 




!j\i tj^_p 4 jj_>«j (17.13) ^ ) SLu > 

4_£j_^>J{j 4k_t-*u ill 4 j. a. 4l jTJI A*j^l\ 
^ysyJa^\ djixif jo jG Li.LLL^ . 4j^_iijJl 
3^pLJt <Jki4—-aUi a 4jjij i jljjGt 

^1—4^/! Cpl ‘~p2—~G (_p^—4 ^iiL iM ^ic. 
. 4 lr> u ^j 4 j p (jr 3 i_ai*^JIj 


dj£- (jpl a >Ji q-A JLsJ^_*Ji u ■UJC.^. I xaiiJ ^ ^ G-Gj jji UKUj 

4^j—>JL t^LU IJ uujJ 13} 4Lxj_txuJi 4p2_9!ja]i 4_$j_>JI 

3JU±> 4 ,i\ & f 4jj_3eJa] ». k 3 4 isUJ (17.13) (J^-Go 4 jj 31 jJ t 

p t's\ a A 0j_k3 <. ctts\ i jlj 3 {jySyS 4_bL>. ( jr U 4 TUl 4 5*j£ .4_5^L*Ji 

4 j~l U (_ t 1c. LLk cLsLg^aJ 3^31 .^\ i is\ a 4_Lu_ui1_>JI jj-^ 

4 4 L"/1 a 4_jj1j 4_C.jwtxu jl^jJt jt .J UK 431 JL sr It a . ^poj>X- 

4_ j, _j _alpi 4K^_>- <■ ^.L>J 1 (jPjj ^ \—a Vi ^Jl 3jKJl 

.4k uu) 



3^31 3 U 


. (jy-U P JlIc. U. ^-U2y-A Lc 


oi 


(K^JIj (18.13a) jJSUoII j—« l—<iK A c 3,t^> > 

2)J_A ^-4-, . t — 0 JljlC. X J^__>J»1 £-A (|) 4_Jjlj ^JLua-J O/ 5 

<lUuu]! 4_t33)S 4^^>Jl 4jjUi, 4_i_s_>.jJ,i 3jj| jJI 1 OjJi i jJi 

4_U3K t ~ 0 jGlc P 3—14-^klill 1 4 j^ 31 jdl 4K^_>Ji 

<Lc.j-imj G^jIj ^ ^J! Uj. 4.^ 4 k3.il I ji 


UK X JJ) r*tl ^5 0 4jjlj OP juaj (jU-^ CO Uo_klLLo Ujlj 

J 

Uv t >0 U 3>^3 UjuUi (18.13b) JUgg (jv^ 3 


(753 





4Lj^ t OiLoJl 


( 539 ) 


4_LajoJil jXc X P daJi <iifl .B^ijJi ^ic, ^-<_u->J 1 Ld5>j *0 = € 0 t+ (j) 7 ^.«i^aJ X OP 

jiun L<ulj 14^1 Q, P ^n“< la 3 i 11 jji JajwV . x — ±A (j-vj x (jylc- 4 \ .u-v. (1 

L i-uj x i V i 

x = A cas(a)t + {)>) (31.13) 

:{j\ ^-IUIL-lu (X> 2 j X ^Jui 4Lo-u au 4-jJLsi4_LaJliil i (j^-u 4^>UJi £>JJbj 

i _ r lc 4_^ilo!lLa 4 j^j!^ t.la^L.- i-cj L^J-lILci «.a 4la^i <» til 4.j_a,41 ^Ull 4Sj^_>Jl 

4_L*J^J^3 J^ 1 d 

4>$^JW ^u,aj i ijaj i y j^_>JU (^^ic P >1^>^ Mia (18.1 3b) (J^Xl J_y3 4_ar Xii11 ^jua > ^1 (J-t-iU 1 jj&. 4 

^‘itxinj JJ tX - 1 i-Aji L~k. I 4.^ loT< < 11 4j^j 1 jJI 4 £j»>J 1 ^3 . 4_La_j_*_iu 4.^1 y 

90 Liji jJLa 4-^3 ^ *4 Q. } J * y JX-^O, ^ (JX^ 3 (jr^ 1_5 X jX>0.1 jJL«ufc 1 1 

P ^X^xJl 4 _ijo.jJU 3j_)ljJl ^yl r . P 4 i-a 3-i U 4_LsL£ (1>^X <19 (XV- 5 x-J-t-u-O-JI Iju^x 

(D^xljJI ^^x_3JI P 4 tanIII 0 ) 4—^x • t - u - H (jt iS^ x = ± A (jo 4.1a j ...m ill 4^3 4Sj—=^ 

C-ul^x (x-^X^ ^j^ai ^ jJ*- X n ) lill {^S i xi ^-nil x_A i Ju4>x) X jx->J3 -9 JlLoI 4 la j < n ill 4 j. 3*41x^11 4^x~^ 

<, 3 X x3->0.1 £-A OP l ^..» \ls\ > 4__ljI JlUj^I 4^x^X^^ X^^ 4ln j tu. til 4 j 3 °lix^Jl 4-^x—^ JX^' 

. 4 la i i ax! I 4^.41 ( 4^x^tU 4j Xj jj i 4.* i u 4^jjl>x- 1 i e>j-i i JlLI A jinn) \ 

.( 10.10 4JjL»-a U = ^(1) ^_ r jl) 4 £xj! jJi 4^la->JI j AjjljJI ^' (XV (ji Ca> 

^_i_u JlI^J ! ^J^Lcui 1 (X - ^ * ^ 4X-x- < 11 ^3 ^ 1 A x ^ ^ t— <i < «q > 4-j_jl>-x-a ^X^^ X ^1^ <-llx—XJI ^ < ti aO 1 


• (oA 


• (0*A 


aP 



(a) 

^ j i.uo. . Q 4 t-irt.iU 4 i.*i 4*1 4 j 4^j_>Ji j P4 In rt i 1 4 ^la" iI,i 4j^j|jJi 4fx~i (X- 5 4^M-*-Ji (18.13) 

t~0 JlIc. P ^_u°J (XV VH^^X 0 (3.)C0 4HjIj 4jj 1 j 4 X-^_oj_! A Li^-LtS f. a.is\ > 3x^10 (jj3 P 4 la 3 <11 jJx. 

d£.j^-n} x 4^£^ll (c) X— A cos ((o/+(|)) o._i xj (j 1 j- u - tTu j ^jLjLt-u X a Q,P x^-LaXiLI x (b) 

. Qa 4 1 .-^r iiTt P 4laXljl 4-La-_«J (x)4_t£xl^ (3) Q 4.La3 III 4^jL-uj jp4.1>.3.Ij 1 




ISjUlSUl - JjVUJ^O 


£?4_LaJLdi . [—(i)A Sin(CO/ + (|))] ‘Xc.j —<-uI! 0 Jl^J X <u£jl\ ^jl 0 >u (18.13c) ^3 

I 4 mat Q 4 1 H 4 -c.j-i-it 31 jl>o 3-'°3 - ^ 4 ju<-ujJl_} (31.13) ILL*!! jJjuoLaiu +dxidt 4 x.j-uu L^J 

. P 4.Lxd_J i 4-C.^g.uJ X 43h^Jl I 


. / A — 0) 2 A LkjtjJLaj O j^cj 4_2tJu 4 _*jl>.^JU C. P 4.1a. a .ill 4las.jdl 

. [- 0 ) 2 A COS((X>t + ({))] l? ^-A 4l. ..?. *fl £>± 4 } X 4-j-Zjl i gt Ju^ 18.13d J<^. Ml! J< Ail t>3 

4_uLiIi 4_aj— 32,1 j3wLj JlU 3 oLuj .X jj—:> 21 ^lc. Q 4la-d. 21 4J — 4_t-u_flj jljuILU i3— <fej 

.(31.13) 4iji^a 


wCuti) 2U^ji Jji 7.13 Jll4 

Lfejl, 1 a a <Cu\2 4j^!j 4-i^.j, ..< >«j 3.0 FT1 t Aj. U a <.a 3j2i4 ijr 3 4-^c.l .^.11 a c. ^2\.f. jjJU 

4Jiji^ 3 ^ (<0 • 3 ^ 42 . 0 m x 3 ^So / “ 0 jux. 8.0 r&d/s 

•(>«>!! (jr^ 

jjjl co= 8.0 rad/s j jJa£ t ii 2 £T^>. 2 .*^ (j'i l^tu t 

x = A cos(o it +({)) = (3.00m) cos(8.00/ + <j>) 
t — 0 JlIc. x - 2.00 m ^ *.i>-U 4 _uljuLsVl i—<J) j! jJLo (ji 

2.00 m= (3. 00 m) cos(0+<j>) 


0 = cos' 


,^2.00 m) 

V 3.00 ml 

x ^148.2 ^jL mj (j) j!jJLa Ljju>2 ijl 


x = (3.00 m) cos(8.00r + 48.2°) 

LT^ J3^ x.n->Jl (jl C<^>- 3-3tJ q\ {£\ t — 0 Jliv! J ULC. X 4-0-1^ (J^-4 <— 

x (j3j [—0.841 rsdj ^^Lcuj 3^3 (J) ——48.2 jlJL .a ^l_<_rt_j ^^ 3-^-3 4 j 1 jljJI 

4]i-^ 

x = (3.00 m) cos (8.00r - 0.841) 


<jljjj^JLi 33^ 0^3 ^LclJI c e p - 4ii^ (jyS (|) 3^ 

t 03j ^I Jl 1c. 4-L^jlJIj ^ i »>Ji 4r.j_wJ X4^Ii (b) 



f XJ UkC 


(S) 


Z-XM 


cix 

v x = — = (-3.00 m) (8.00 rad/s) sin (8.00t - 0.841) 
dt 

= - (24.0 m/s) sin (8.00t - 0.841) 
dv r 


cWi 


a x - = (-24.0 m/s) (8.00 rad/s) cos (8.00; - 0.841) 

dt 

= -(192 m/s 2 ) cos(8.00; - 0.841) 

v m2LX —24.0 m/s fj,\ jju u) 

<L?e_aJ!j coA 4 j, ( iiL^-ll 4_c.j..4^11 oUjA jMj ,u m ^ x =192 m/s^ 4i?e-*Ji 

. o y 2 A 4j^JLI 

(^Uiil r o*u5) 

DAMPED OSCILLATION Sju^I s |jl3 

(__£^-B ^_uG C^o jlj> o~i f »iL y, JaJCu .4_JL!L4 La_£ 4_uJujAlt 4£j_>Ji 

^^bLoj idtSkTcwVl jJlLo 4B^jua 4 j 3 j 3 ->J I - 4jU ->JI 

<jt jj ^ in Lc 4 _bj_*JU ^y2l\ .damped 4151 4_^_>JI q\ t 4 ** jil^Ltll 4 _bLLJI 

jjyjLj&Jtl 1 {J ^ J^juj lil^jeZLlt 4 Xlj-lm cu»lxij S^JaJi Ct(4.6) ^ <<>4 <_yB LaU^j 

^jt C-t-Lj>- . ^L!L<j £tj 6 \\ / jr B Ll!j-J3e_3j LaJk-lc. 3j>Lc. 4_B^_Jtil eJJbj 4-£j_>JI 

^L>-jVI ^jJaj .(JjLjJ-uH ^^«uj ciuj 15 b R — —by L$_ic. ^SL<u 4b^jlLI 

^^yL U£ ^^jIb 4jL£ aj kx ^LloJiJ 

^F x = -kx - bv - ma x 


kx - b— = m 


d 2 x 


(32.13) 

dt dt L 

tilljjj itill 4^ajl« a j_lc. j^ill 4 j tliL>JL»ll "< -a-iin oVjL_«l! exit 

(_£( S j S \ JljkILj iijjLfllLi ZjjJlmo SSjjdU Sjilt 1 «. .CjLijI (jjJ 4-a-j~illt ^ U« i. .1 

^-u^aj 32.13 2 JjL*jo (Js>. ajjiis-> b (jLaJuc 


-—/ 
x = Ac 2m 


cos(co/ + 0) 


ft) = 


m 


/'AV 

12 m) 


(33.13) 

4j ju jl! JJplI 

(34.13) 





(a) (19.13) JSLi (19.13b) 

. <131 _4 4-jJuJlJ £_>a (19.13a) m 

41SLl^ 11 JuLijujCJU <UlLal J-> I (b) .^jJl J^>--v V 

{J2i UJ^-Uj ^ j lx^ mY. 3jLxC. 



(c) £j — >J1 J^LxJulJl JU_C. O^UJ .l a (b) 

. (3->ts *—jj-iJuLa 


4_id y$\ (19-13a) jJfC-JL 32.13 4_1 jL*_a 33.13 4j _>L*_a ^J^L^-L 4 _^_j_hII *>jua >u ^£3uj 

j-Aj iji tilij Jw>l (19. 1 3b) (JSLLj 4«3^__*_a 3^>-_a {jr Si <_} Jujulu ^^_>J 4J1 

4_B^jtll SjJiJl LajJx. 43} Ju>u . £jJ 4LualLa 43 ^ .u-i.-q 43I^1su-o} 

4-it-uJi! J*Lua_Io 4 j Ju 3J! 4 ju-*j jjl V] 4 j_i JUJLxJ i 4£^>JI (JliG ^Lw^iM 3^3& >*-^1 

JL3J_U da_>Jij . ^LLu uJLLui.1 Ijla LLL-uu ^LL_i . 3^!l2 j ju 4_u3lj juJi 4£>3_>J1 c 36^3 

4^jj>J 1 <?j laj .(33.13) aJjLua jl>JI ^Jiwu 4^^». -iju^j ^ 3di (19.13.a) 

(Jc-LloJu 4 u m a 4_ilL5j 4 j 4 Ojl 3 a 4_£^_>. 4_!L». .^j-ajJl j_a 4_iJUJtll 4 * m jJ^Lua3 ^ru3 

.^LvjVI ^j).3J ^ Vi Jl>JI 4iiLcVI j}31 ^1 _U>J! t_ sj33j UjJx. 4 £.j-luJ CjL JU jJI 


. 4_JljJi 4_S^LtjL> ^JjLtlajLU ujJuJlIaJlI Ji.JjuJl {yC, (jl ^J^Lll ^j-AJ 


r 7 (A\ 2 

W ■ r° _ l 2 m) 

(JjI "U j_x_£_ cujuJLxli ) 4_3 Lc.VI ujLaX. i _ 7 _£ ^jljJl JJkjJiJl <J!L<u (jr^J COq— vfdWl C^vj 

(JLij = ^ u max < ^ / ^ 4 ^Ll^H 3j_3J ^jua 4^t ju>JI ^_uzu .c-jJuju^D ^^ itoll 

4j 3u jj( 4jt_i_u ^JSLJalu &A uj^u_a-i LajJx. under damped J^L^uJU o^o jt jJjIs ^Uoiit ^jt 

4 a j 311 ^J! b Lajjx . 13.20 JSLti JcJkJLj 4J1a^ 4_^j__>Jl ^juAj 4 _cj_c^_> 

J— uoj 4j 1 Jl ojj ujju jJL> ^UaJLlt 3)? ^^ ^ c /2iT1= : C0q Cxx stJ b c 4_>.ju>J! 

4jL_ 3 jjijjl ^-4-^- 4In a> ^Jj ^j^SLx-aJI 4.1a ai ^-a la ill ^Iju La jJx 4JL_>J! <>jla {j ^ Critically damped 

dJub £-A 4u^ijVi (JLa-J ijjj\ <Uj . ll^L^ La.UC ^j->-I 5j-^a jjljjVl 4 _L_oj J^_JU 

.(20.13) ^J^Lo ^ ;ar.m ^Jt 4jL>J! 


o retarding force 4 _£LcV 1 3jji cju^cj 4_>.^ylil juji...u» *ln0^ LI 

over JjL^iii 4idU ^/2m=o) 0 j /? max =Mj max >M jjt^ 131 431 (jl restoring force 

/ 

£-3bj ^^1 j^jtu uj3ujGj V L 4 JL 5 4^ju>Jl ojj>. 4^.lj-U 4_o^laiU 3)3^ Lajux. 4JL>J1 ^jla .damped 



(5D 






L-a-^ 1 xlajj <jlj-jVl Ur^i < ^ a J-laJLJU 3-}j_*J ^j^Ui j^yajd' 0^-^ 4_^l_c.^l 3jJ3 jLjjjl £-&J 

(20.13) (J£-*i (jjS I JoJsJi ^jJd^s 

Li^>u j! Overdamped JjL^oll jdls ^UaiH t dJKio^l l^-ds 4JU. ^i ^ 

4bLLd t _ 7 JI 3I?*in ^jsj2_aJ3 4- t ^-ui^J.! 4_3 LLiJ O 1 ^\ .l^t i ^3 l_ 5lu jJlU 4^Uo Underdamped (JbCA'ilI 

.A^LcVI C j Jl^j (j£jJI d^ i tf^Jt (jjS 4_l1.-v \ A 


Ly £i oOsJu-^lLI jj-oLaj i~i I II f II J1 i_d^_Uj (^wC ^j_xi 3 jLj_i_li ^LLaj 

^ ^ I ^Jjl d c^_>u j^jJjtj ^Lkj o lj Lu-u ^j-u a. i.£ a C x i^ 131 .21.13 (_JS2iu 

. 4JL>* J£ 31 ^ 13 . J^L3xiIl jpLa 31 (JjLu^iiJI 



CjI _<aJi_ 


*u 


£jU j!I Ojj 


o^- 4 



cjLoju^aJi 


(a) (21.13) 

Jill < * ^ Shock absorber 

. lLiJ^JLj 3cj) 1 <a •a A —3j—Cl c_s3_)3 jJ 

Oj)J! vio-i. j-^u qm .X 11 u_iJ ljJLIu LuJLUi 
1 111 ii-q 4_i5^jiJi^ 1 ^ 1 

J^v! (b) 4jjajJ (J 31 — 

^j^>\ — a A —_i_3 J—2W.JJ CjIjI—j— wiJI J - tL u 
(_JiLo <_ r i c i -3>f- J j CjLaJ^aU 

.4Jbcc J£ jl>^> Coil Spring 


(a) 


(b) 


(g;Lu&l (i>tuD) 

FORCED OSCILLATIONS 2u>u*2Jl <7.13 

(Jjt.coj ^LLajJl Juab 4_i_>.jl_>. 3^-3 ^I Jl3c_j_i_uL) JjI iS\ ~i .a ^LlcaJ (J7 j2 4_3LLoJI JLsLii j_*_> 3 ' 3 d 

.L-ijjJui.1 f>L>ol J^3 0 _l3c_) l_)JljJLLc ^ 1 \ «Ui_>J (jp {J7 $ 4^LLa 4^Luoj ^ a 

.A.\ hjLLq <C^sj1 4-o-^jxj^U CjL*_ 2J Inr.U Qj o*i m a O' ‘CSLcj 4jvjb>.jVi 

<J3e^Qu 3j^Ja all <3UaJl L 0 L 4 J ^jL^uj SjjJs ^,0 4_al iXll 4JsllaJl Oj13 13) 4_HjIj JIoj 4_jJLjJlJ! 4 t 1 .< y 

c_JJ lj ju ^.tul £yl\ IJlA {jjz A£j^* ^Ij 

LjjJ j ^J u u 4 _^>-jL3»- 3^3j ^Juu ^3Ji 331 xlaJlU u-iOjJuX! <tifrll uj 3bJL L «di 4_ul_*Ji 4liLaVI 

F = F exr cos cot 0 ! 1 

Jl>J 1 ^Jl 4^p_>JLl 3j^il Ut 40Ll^L> . C-al3 Fg X ^ J 4bj^jJI 3 j^ 3 .U Ijr^ ^ ‘“<P" 

(J-ua^c-t (32.13) 4J_5i_*^o L j -» 






E, f cos cot - kx - b— = m , 
cxt dt dt 2 


(35.13) 




ISLuiLuaJlj ISLulSLdl - JjYlfJstl!) 


4_Ju>-l jJI 4 J 3 LL 1 .Il ^jlusj Lc Julc 4_i-Lcj oj^iSs Jju .(oLu] QJ^ 4j_}lxU oSJt ) lJsjuj L»^) 

4_*_uu djl jj cjLjjujJi (JIoj cu-^-i j(pLu_ui 4JU J-x^u 3jj_$ lJT & 3_)j)3J?.U 4_]sLLx!! ^^L_uj 3jj«i 

^j-uaj 13.35 4JjLt-a jijJilu-al 4JU ill J LoJiic. 41^^111 oJUk .^jjluV 4JjIj 

x = Acos(a>r + (p) (36.13) 


A = 


F ext /W 


\((d l - a> 0 2 ) 2 + 


f^V 

\ m ) 


(37.13) 


^ J 


i^Jal_i_u^J! 4JU ^3 b — O ^JjLuallU J or. 4->jujdi CDq— V&/i 


ft? 


J-^3 (36.13) 4j-iLlLA ^,3 ^..Ll« 11 J^Jl ^>>3J <4^J->Jli 3j_3JI J!u L-JjLJfXi 4 II (ji 

. (37.1 3) 4j^bc44 4 j1li jJl 4_ju-« (jr LiJU ^yic. <■< <«Lld 


3j_ 3JI_B .^Jpl i^TtV <11 rtll <_j JU J-lil 4£^>. oP 3 4u_^jliw 3 jJ 9 ij-tu 451 (jrt-p (37.13) SJjLiu) 

J_Jl 2J1 JjLuiailJ 4_*_uiiJLj 4J$j_*Jtl 3il ^c. jjljJ! jJLaJI ^y. ic. u,l;:ill 4_>3j5U! 4_5LLaJi ^ Li* 3 4-j->-jL>Ji 
* t_j Ju Ju_4jiJ A-uiaJl c—OjJs ^pJ-t 1 3^_3Jl J)p5 LoJuX. 1 J^>- 3j.-i p 4 * <.ull £t_uuaj 

jrppi u -q.^.i 03q natural frequency * « *«31 ^ 4-PpLoljjLlt 3j>Lptj 

. ^Uaill ^yLupl JJipill j_paJU COq ^c-4-uJ 


<— iij^pa Ctxi ^Uaiil Jflju 4^Lkii ^ji jJb | yLupl J> ic. 4 j Ju jJJ 3^-xplll 4__* -nJ1 ^^-3 l-oljuJIj 

1 3.364J_}L*Jtl (jyS ^jll 4g-^iJb X J 4 3~i 4~i. 11 ljjli*-i l3j JoJaS! 4Jbp£aj tiilj ^-3 Lai^jj .4_ulj-4 
F 3pjJJ.I (jj^3 1— cslc. sin((i)t+(J))^_A l^uLZu d ^jf ..L-?c.Lij ♦ <_>3 jjlJxI.1 4Js^L-^ ^Ia.<Lj -pill 


A 



4jJ_j jjl 4 t jm (jyi (22.13) u> 

4-_l L t. pjJ LaJuic. .(JjLualLa i_j lujJit 
4_*_ai jJI 3^111 JJp LjqJu^.. 4_5j3 

O) 0 t_j JljjCLcII 1 Lr>ll JJpJi 
^y-i ifc - i .4 J£^I , £j\ JijvV 4JL ->• 

• b (JjLuajil jS jl3^j (-isjli 


JJl>uJ1 JIlj Jjuux . 4_Cj^ujl £_xa jjlail 3..1 -a-u a 

ilajpill * \j <^>I1 ^Jj^dLv F 3jp.ll 4taj xjIjj c_j juJofi 

^jLxu J*A1\ Jju Jjuuq F *v dot Product 

LajJc. JL>Ji J-x-OJ F*V Ij-loJj 3j2J! 

(jvjjJl Jk-Lc 4jf ^ITu^ij . j^-LaJ! (jr B £jjJj>L2jC V , F 

3jJl_3JIj 4_^.^—*_uJ1 £-a jj tall 3 J—^-Tl->q 1 3^—3J1 (jj^J 

♦ Uj>J1 Jl 1c, l-J ju J aJLl ^yi] 4jj2Ul 


4. lb 4iljL^ 4_*_<_uJl (22. 13)^J$Lc3 

^Juc. 4JU i^r^J t^ya^LtJ 4 JLv uJJ ljJlHI 

JxjU-^ £-4 jl Jsjj 4. ilII ^jl Ja^V 

Jlj!^3 j_> 3 —ILi Up>H C y_L*iJL4 ^jtj (^' _> 0)Jjl ua—jJi 


. (ST) 




Aj J4 jjA lAS1 1 j .7<c la) 1 I . ' ’ ''' rr . : • *' 

^jLi^ plkilt 4 J 3 1 UI 4 _alUI t 3pji! 5 ^_ail jjijJ Aiaj steady state ol 1 Ml aJLv 

. 4ojIj JI^3 ujJuJJLcU AoiSJI AsLLaJI <1clj-uc£la jjjj .(JJLaaiJI <..3 .3j 331,1 4*111 .H 

3JL>. , \ \c 4_i j_)jJi 4 «tut (37.13)AbUii j^>o (fe — 0) ^jyi ,^11 i-jLx 

<-j JuwXall AjJutj Oj,g..a a jf 1 iijj pLIaoJl ^3 Jl_2i 3 <jJLufc /pj pJ l3j AjI <j£l CO ^ 0 )q AjL^j VLti {_yi »._ »> . <* • 

Juipj AjLOdU . A£.^a-aJl jptail Bjc^tlLo AjjjJ AsLIoj ( Apl JuLsVl <OlL>» l^3j3Lc oK,.. -Hj 

t £$£ A * g-olaJ 1 ^3 Cj J_>uV aILtnJI . 22.13 ^3 j—■g- 'v Vl ^y-bfc <U ^1 jJi-st } AjI d ' * 

. LoL^j l^Jua (j^lVifl ( y£Lcj Vj Lul_> J4.. *. 

(JoiLc jl J—<La <—a3$-3j ApjJl til b Ajijl JL*_j 4_j_>jL>- 3j_ 3 J—i3G CtXJ t KU. JLa 4 pLiexj dJjl*_u <jl 

pLoljlj (jdps {yz. <Jlj_^Vl ijr^LXj ^3 4jjJl 23 illIpLoll IjlAj . U)q Cl) c_J j3 /) •" 

jJaaLc. jlj Lft- K J} LatJ 1 ^.ji-c a 1 L>. Lci ^3 . quality factor Q jJ-aLx. t T -i. •• • 

.3.1,) *.n 


I 4 J AjjI^SLII yH«3 i_jlaS3! i JlA fjja <dpp J£ kj <jrUp! £)! wl.3cl <.u Juu Lo~t*1 

Ajl^-uLLc 5^3 pi Jlitj_<_ulj ^jupl 4JU Ai*_>. ^»j tK JJ^p Aj .^.a.iil> 




1940 r U ^ (a) (23.13) J 

k-JJUJU CuJjv 1 4 a i,->l * 

*i^ '*11 

t—ijujub AILljv 3jLscJlll CjLjV ^Jl« 
(b) a) (j, * ± -pi-lt k__J y. *1 

OjlA 4)L->. Lli^J^>~ -ij—^ 4l I 


AjVj (jr 3 Lc^l3 Lq j-ic. 1940 cja)L>JI ^Jl^J ^P^jLoIj^ ulJLla^ 

p t^->o Ju3i k-illj Sjujui ^*Lpl jj>-A ^2:pl A-j-Lupl oljlpLA^I * .'.,1 i 

CjLj ju jJI £yz Jl*JI udLcAj . a A .1 Aj JlI c. ‘j i y c. V1 ^3 ^jl^oVl Jl>. p Aj^/ (23.13) ^ ’ <>*• ^ 

^_=wl O^J AJL_>. L 4 L 0 $.J _>2 CjJl^. Ijij pc3_^_Iu oWi_3 .1 ^ If CjJlj*_ 11 ! A-t * «> , H 

^^3 uuaaJ J3 AaJLuj / ^lu <« C £_pjLo ljjLi_u Iji ^ ) ' ' ’ 

.3j_xp A^jOj ApJjj Ajl^j _>ip <_Jj3 J 3 pj ^pLyp ^Uaj pi * ■ 1 




(2U)!>56li t&uUjafy *b^uiJt 



t <Ll I ^JL4 4j^>U 


♦ 1 (Jj— iLaj--i _>J I ifllj ^Ljh •£• ^ {jr^ <^tj-£LJi (jiaJt j ^ ijl 

jLJJ ^ <.<i ">Ji C<U -%» ijl .Jj-LJi jA-Jjl aojJLo Lj-Jj_ 33 (jlLl j. -V i Jji_-%.} 

(J7 3 ^L tu .y^!\ ^ j. a ^ ll.u <*< P ^.4-u-^Jl <_j1L} Jl-jj ^ L>j ^J1 Jw>-i 

. j-^t 4 j1u j 4 » < u\ c-iJljJlIu P JjJLJ L^l^tuo 4 JjL> ^jJi Q jl V! c_>J lJJuJ! 

S4j1u jJl 4 ju_u jjajU L$J (jl {Jjfc 


SUMMARY &&Lq 


jib . 4-^lj^i <>Lr>oV A .ttn.A I^jSjLsoIj 4.? -\J2 -J j_a 4j»J>Jjj £_a u. J-IM LlU ^ Ait> 4_L?C_C. OjL£ tiil — 

l-3ilo Ljj J j_uk3j Jaxuu j3 q_j ju jJil X jJ!j . 4 lr>j < u\ 4 j.3^1 jj 4£j^. tllj-seju ^ lh.->J1 

4j^UJ] 


x = A cos(o)^ + <j>) 


(3.13) 


£_o3>jJI ^ jr JjC- Jl .g.3.«j (j) 4 _o_j-3j jj-LJI C-uL (|) t jIjJI (0 <4jTj. rr 11 4 _jXj jJi 4__*__cii A CaQ. 

4£j-5*_i 4J$jj>» 4]jU 1! cllLj ^>1 . l_j juj3Laii 4_uljCuVi 4-gj.,nJlj JuLiVi 

, Period 4Sj^tiJ ajJi j^ajJi 4 LqL£T 4_>Xjj 4iSj.>3^ui ^ JLH P 4.L a\ 4.^341^3 

T = — (4.13) 

CO 

.4jjli]i Ja oLijujJI t_gjl i,i> jjkj frequency jjjjJ! jjt ^jjjJI <_i j 1 aaj 


(jt a tUi._ii.ji ill ^jjtsljjJl t_ijt-i.uti.il 4_L?ajJ!j icj-^uJ!j 

(7.13) 

(8.13) 

u = ±coU 2 - x* (23.13) 


v = — = - coA sin (cot + <b) 
dt 

dv 2 . , x 

a = — = -at A cos (cot + (p) 
dt 


— 0 

t-jjcjJulU U3^f LaX-tC j. 3 isy iJjL^u 4_£-jK^uilj . (l) Z A 4 -LscjJ1j (oA ^Jb 1 4_c.j-i_ujl 

LaJail ^>5L<u La * X —± A (4 _aL>o1 ujJjJlIU 4Li31 !1) 3JjjJi 4 l na . } J-Ic 

4 Li - 3 j Ju_c. c_ilu Jl 3-U La jJx. tj-L^uLa * O^-* 4l-?r «ll 4 a j. 4 J .X —0 ^jI^jVI 4icu2j J—lC <_iJuJuLU 

131 4Jij>J l-jJlJJ uILaii 4 -L^jlIIj 4ji.j_i.uJi ji■ 13 a uijjju /jf l£L^L«jj .jijJj^l 4-L3.1 ,1 1c. j 33-ijAJi 

/ 

»jjLJi ojLj -2-^Lij 4 • i iiH cLsjn 


(M6) 





t LolLLJl 


< 2 ) 


.^yAj-s ^j-oLst ^ l^ i ,i ^Ic. 4-K l m.i 4. i a 4(^3 ijJ^_3e_Iu iiJ^—t_<Jt£La ^ya 4jj^Lo 4^ay\r\ \a 4_JLj>- 


T = — = 2n — 

CO Ik 


(18.13) 

4JjL*1Li ^1-1«~t s y j»V' 5 .„ i d 4 £jj?c_j <■—jjujGl 4 £jo*JI 4*bLLa^ 4^llo 

(20.13) 

(21.13) 

L^j {_^jl I 4_2j_poJt jjjs J_£Gj .i_jjijJLlJI CjVLjv- {_ya JUJUlII qj> l*1 K<~i diV^LuJU tfjukj 

. dlLLuljJI ljJ^-U_^JI CijljJ ^ i II ->J I ill*. 

ihUlLi : ^j l-"> lIijIj jIjLn^s . ..... 11 ^ rtAty.tl 1 _i ju jlLjJJ 4_iKit 4^LUJI 

(22.13) 


K - — mu 2 = — mat 2 A 2 sin 2 (a>t + <b) 
2 2 

U = - kx 2 = - kA 2 cos 2 (cot + <p ) 

2 2 


£ = - kA 2 
2 


L>iJLkl j, JulC. 4_jJl_>JuXI LoJ^Ic. Lo jJI 4 JsLLdj — 

. 4 Irwi 1 Jif i_3 Jl 2 jGi.1 • 

l-jLco^ 43 > JuJL ^>£w<^5 Lq 4_Lu1i Jklc. ^jLtuJ 4^>J| 4^Uoj 

. (/ ) 4_I^J>J ^ c» *‘ 

4jji^JI 4_>-lj}U 4_l!Li ♦ 4lag t ti 1 4_jJLsl^3 4 _^j-2>» L* ^£^L<-u_j 4ijl» ^jdl Jo-t-u-o-Jl ^JjJlLJI — 

[L 


T = 2jz 


(26.13) 


4 j3 4^3 4^ LjJ>_ j-411 a Jl.o. 11 4jjijJl 4_jvlj}'L! 4 i 

4-!L>Ji <>Ju4> * 4i35xJl V ^yliJI ^JjljJI 4t^3> <J^>. 4_L^ r Li« 4 


T - lit 


! mgd 


(28.13) 


^ j- J U L o ll 4 _ I^i? Aj-4 4_b L< - < l U f^yJt d ‘(3~1 * " l ^ 4-L^-b j^sk^js (J^-^ jj-uzl2}\ I C-*-±->~ 

JjJua ^LtuJ! J , iZ JU {J7 IL-4j (lo-i X^JI JjjJjJl 4 J jl _*_^0 -7T 4 41 1 j-^U (jl L-jcStzJj . 4juSJI *1 

X ^yJLjj-uJl jljJLol ^,-Lc. [juq lyCt'itt 4l^3 ^SL<u A ^tv<<n 4 j^j1jJ 1 4$^Ji 

. 90 1 j^LaJI y jjj>JU jl Ju_«i Vl •» 




ISLaL b jUjj ISLulSLXJ - JjVf *JaJQ 



ivLao^jj-jJl JlIj U ^jjjJI 0^3^ LLa “ 9 

S^JjJlLJ! jJ^lo UAC-Luaj LI 

gaxI ju ±j 131 (^j^jJi oju^tj liL/sj 

. ^JjJuuJl <—fl^Lo ^^yiJ 4ilill 4_L£Jt 
L-xlsI j jL-t-i^a ->a eLL* (Jj-L*- 4 ■‘* tl ijj JUj — 10 

lj\ tpl^gtill <■ a 4-^jl (_£jjjJI (>UJU 

Jun-HI LaJoX. ^j^jJI /y^i ^ OJewj 

'c^i (b) c^JJ ^>L«i1j (a) ^JLJL 

. 4ojIj 4x.^_4-lU vjJysdu (c) (J a i u j 


4ty 4 ui 4_jJifll^3 <L£j-eto ^j-L <-L^-l< xU JjJuLs — 11 
4 _£j—>JI (J^-3 (J^-3 Sj-_i_L-uo 0 tj>3& 1—ajJx. 

*0 4j^!y!l Ojij I j] 4jy J 

_J (j£ I Jlix. oLjujdJ (Jjl ts \1 Cj J-^-J -Jjfc — 12 

SliiJj £-jUOJ &, b 

oLjUJuU JJl-U3J Cjj J—:w ^ j^ -a-ll <j-a (J-A 

^uoj 4_li >- ^1 L III l—aj JlC. 

SdlL 


(j)jjJait Culo jljLLa La £pUyJI 4-lLw ! ^_ r S —14 
ihLUl jJlA (jjL3 4-Loj) ->la^ 36.13 4JjL*-a 

Oof±3 (j\ c_ocJ (yJl 4. a. ftl jJl oyJLli 4jj L -*,<u 
.<yjjJl JlIc. 4j1^-aoJI J^kil o JetlLa 

yS yLy JjJ-b Cj!3 4jlL« duL£ Ij] -15 

^r. I , , .uP.^! (J^JuLaJI (JyLo 3 oj—U3 £>£La-i ^ .a S. £ 

.C%J1 

IjLa . *UL 3*yLa-a Ojfi /y 1 - 2^LoC {J^J-Ls — 16 
£jL£ 131 {JjJLuJI Lv 4 j Jo jJi JJyaJ eJJLetJ 

Lflla jJxz-fa *Ut /Jjc>- e-Jaj 3j£Jb 


QUESTIONS ftUitfl 

7 ., 

4 -^->» ar<bouncing <JL_i — 1 

4_uayJl J-o-a-tili 4 ^^jn. S^La-u-uj 4 j.a 41^3 

Jj-lU 4^jjll 4^ujjil JjlII ^j-a 

SV I Jill, a ^ju I3UL S4loj 4 «> 4_u£9hp 4$p. 

4j^L«^.U L*_p cjLj! jewt dul^ — 2 

^ j>LJi c^lii I-a x cos m 

^■ 4 a .->31 !J—xj . 3.13 4jji *—a 

4J^_>. 


^ “ 0 ujJ_j jJI—a ^uj-> <LewljJ — 3 

4j^I—— a U { LfjiJ U^ 5 ^ 

. 5 t 1 JuX. ^-i-te>J I 

jj} -\5Lc-j 4 _JLi]| diLe^wli cjjL^ i j] La jjl_>. 141 

<-_jJoJ l-J—^U 4 i 4 u<ILi (J^jx j 

(b) 4 -X^^. 4 ij|j 4 e>-ljVl (a)JouuwuoJ \ 4 l 

. 4iet.tJi^ 4j>*ljVt (c) 4.1^r-_».I!^ 4x.^-uJI 


(j) jjJoJI ojLj A 4—5t— l^JI i^Lj —jt-j Jjb — 5 

_aj j_L_c. ^jisli! JoJl_>o < j>_£LaI I jl u-iJojCJL 

S / — 0 

4.1 J. ^j- 4 Q^L_a ^LLu 4—La a j i. Luo — 6 

^4.1 a^a <i -L^ L)^ i3l 


t. 4 1 43 U 0 LuLu L a < “ j ^<u-ojl — T 

1 ? 

U = - ky +mgy dJ>-uj ^ jjJm-a 
2 

j-jliciJ ^ \ o- n ^.5^ itU ^y 3 ^la 44>!l tjU. 

.jJjuoVI 4La.? /y. 


_L? (,4»<aj LiJj—yj ^]y5 Ljj^La 4—ajJtxoa — 8 

j-s JLu .A 1 ^ t 4 » 4 L^i u ? 4_LLsly 4£j_rtJ 

4.1:^J1 Ga r 1 D LI 4 jKfl 4—^LLaJl 
4,31 .lo ^ 4_^yu>J! 4^Uo jJjk Sy-uat Z j 4, j u. o . x J ! 

S4io^Jl ^Lc ^jljuaoJU ^uoyli 

.dll 3 ‘£^ t=> 3 


( 55 ) 





I Lallitft 


( 2 > 




PROBLEMS <p(L’ 


. J-j/jll tjs> £-Lo Jal£ JaJt = |_ ; Jl->0 t^lajLMQ^LA i ^J_lLi_O-0 — 3 * 2 * l 

http:// www. sanunderscollege. com/ physics/ i^ya JshJI = Wi lli 

4-tlf.haj /JjL-oII jJjv ^3 Juiuo ^Vi t_o_4_uL>J! = JQ 

^Iju-tou-uLi j 4_a_Ps j = I | 


• ol^jVI 4 laJaj 1 J-j-jj 4Uj m \ 4 j a ‘^1 

.CfW-Jl ^Jt-s cfJj^stlbj t =0 JLlT. 4.1atu 

(a) 1.5 Hz 2.0 cm 4 a ^ 

4_ljl_*_tLl (J7^ _*3 ^c_j_i_u_>Ji 4_>^!jJ Jji Cj— pi 

(b) uj_ £. x= (2.00 cm) sin(3.00jrt) 

4_j_S t > 0 4x.^_i_uJ I 

4_L?c 3 tjl (c) 4— c.j — uJ\ oilj ^Jl ^-j— >JI 

^-U4-k->J I 4_j_3 J tnj t > 0 <JJ fj I 

^1 4_JSJ! 4JaL,Jt! (d) 4UJI aUL3 ^J1 
/ —0 ^_) 4_p_d3di 3j3Laj| ^_<_uj>JI I ^JtlaA) 

t = 1.0s j 

<jJ^_3cJu >J 4_£:j~«_aJ!j JjVI — '6 

Dj , X • Lo-ii 4 in j . i j 4. j. 3 41 £ 4_£3_jv 

<jt (>U (a) 0) J-A 4 j 5j Jl1J - 3_!lj 

jm ju 4_L«3^^ /<u o^asi! 4x^u_tJij ^unjil 

4_uV) 4^yijdtj l^ir. 


;t(0 = * f cos cot + ! — j sin cut 


(^\ 

\a>) 


v(t) = jc, (0 sin cot + v t cos cot 

ljj&XI (J\ S^a 2.13 |«xbLdli 

a *_i <1 ijy 3 4£l£ (J-oJbi :4laj) n-1 a 

^ AM. A 11 l Ju& 

l aJu-C. 3.0 Cm Li»jJ—3 4_1 LIn3 t_ui 4j ciJj—xjj ~2 

4_j t~ 131 - 10.0 g L&jljL 3 & 4 l~l5> 4 _j ji*3 
41 (jy-£ c_5 JU^XLj 4jl_3 25.Og 1 _AjIJl^« 3 4ll£ 

4j Jj jJJ *.*<■“*-1 ' 4 _Li_u_uj 


1.13 

4^51-*31j ^Inti t—0.25 s ju *i pi i 4 ^ 13 ] j J | 

x c^_i _ ^ x - (4.om) cos(3.ojtt + n) 

{j>a3-hj jppdl (a) t^a»j t j 

CxjIj (c) 4—^3 >>ti 4 t ..ta (b) 

. t = 0.25 S J lIc. 4_r>-t^l (d) 

p, ila-c<aj 4.00 m 43j I ^yc 'bj —^ 3—^ 2 

£ ^ ^ t 

1 — 4 J 1 t_Lu3j_fl I jl Uj_a 1 —aji iaj 

ij\j (a) ijjLia 1 _. 1 1 »_i d^Ua i_gl .i a ai 

JJLa. (b) djJJjJi 4_S^_>JI (ji 

uij d .1 * AI j~ (c) 4 ^j^xJL1 

•Ji- 

d U 1 , ,,1 d , a.tj* d_£^J_>- 

dj jj jjt d t.i.ij dj.il "ill dj jj j 3.00 dd>u-i 

ylll d_JSJl d_3l_oJ,l ^ La (a) 5.0 cm 

L (b) S3ja.lj 5 jjj jJ 5 L- j<> ji.i ^.11 LgS^ejj 
(C) <50113 LOaaj I J) i^a 1 4 jC.J. I 

^ I J^Ic. . ^tj_uJfcU 4 l? C -C L-C-C^o jv . i 

S4Jbcjtl! Vi JlsJI OJl^j 4^^JI 

4 .t 3 4ljj o_i<5^-*^ <4jl 4 

4_LL^_J2 l 3^1n 43^3-ljj *33 Oj_stJ 4 Inj i a.) 

(a) j _>jf x = (5.0 cm) cos(2/ + ji/ 6 ) 

(d) 4.3-L^-r, (c) 4JLc.^_to; (b) ^ i .ui, ^>31 4_>-i^j 

.4^ w 3 til 4 1 ui.ll 9 iC^^^dl Jl>» 9 ! 

- W! It 

d_£j_». X j_j_>JU (jle. Ulj ■*■ ■ ~i . 1 u_ > . |5 | 






4 i ii i i L i ^ i UsJuLc. i(jut-u^il 

Juu JuuuaJLI eJiiiy3 . 1.50m/s La j 1 ■ i 3 a 4 JLiLj 
x.<-g^JJ 4_jJUjJI H (jj-& La (cl) SLae^S dLIj 

4_Xy_>Ji 4jjl_*_a ^_A La (b) 

S,(l-xjvjJLI dL^o^fi j-A <>L>uV! 

JJj>> c—lJuJub dlyJjj /v-a jLua ^_y_u_>- —14 

^uj-l-u->J{ >s 4jyXJli 4—j .CO 

,>5L u 4 JLj>- ^>5j Jut_u^a_a (. ci iu >3 4 J?i t. a 

cLj. 1—4jJc (jL_* ua_U dJLulXJ 4 i ciJJL) 

J—* „<nll i—aJfljj .1) 4 _IoIj 4_Cj—( uij .uaJLt 

■ (b) <n,^ll 4 _jJlJ jJI 4 « > k ,_>> La (a) 3de_4 
j—j- 3-C.I ) ^gju. aril 4_XjK_>Ji 4_! _}Lt_a La 
(cyxyil dLxJ^H j_A i?L>o^l 

.^a*M dlyuj y 43La 1.0kg LAjLi3 a 4LX —15 
0.10nijL.V a XJ 4-3 JyJl ,> JjJL mi .a dijyjjjl 

IJlA. ,jjX *<31 4J1—>. y_a Cu£j _>u 4-llXJI j 

JlULU dllX3_>-l 4_Xy_>dl d iLuolj £-uayll 

La .y^JI 4 JLXJJ 4_cy__tu/ 0.50s 


ISLaluJJJtj LSLulSLl* " JjVlfyxJt) f Ij J 

<_yXJ 12.0S uL-j-t-iU /^yJLsbp yJu Jda —8 

yajii (a) 4iaLX diljjJ ^ * ecu 

(^)>>3L (b) ^0-C4J 

.4_uL JXJ ^LjuylL jj>H 
CdL dly-uj /yj 4 3La 0.50 kg LAjljl3_q 4LX |~9 [ 
4 a 34ly3 4_Xy>. {jr 2 l-jJljJlIuj 8.0 N/m 4 jj 3 
(a) 10.0 cm 4_sjujJi 4 .&. i^uj 1 4.Lj_yi.,> 

4^y u <31 (b) dLrt^til^ 4x.y 4.uU ,yua4*^l Jl_t*J1 

6.0 cm juu (_yL- 4LXJ 1 <>Xj LajuLc. 4 -LcjJI^ 

( c ) ol>Vt ,> 5 

X =8.0 cm A' =0 > 4±^J1 illjsCa 

duL dlyuj jjr-A 4 3La 1.0 kg LAjljula 4_LX —10 
^y_iL_4-a_a (jr ^ <_jJl>5. t> 25.0 N/m 4] 3y_3JI 

dLLl t C^yJ . t = 0 1 Julc. yuLa! ^ 3 ,41 

4_^i_<^a Ju—c. /jjfC. 4 »tl ^/y 1 yJ L_i JloIlI 

uki_cAi-> LiJ j _ypl ^t) x =-3.0 cm 

(a)c r ^u-^i ( 3.0cm jij-axu 
4 ^k.ijVl (c) 4 _^yAju^ dJLtjC, l (b) 4^yj*JJ 

. ^yOyll 4-Jlj^ 4 -L&Jl11j 4ily<_ui \j 


. 4il< L j j 4jLycai X>>J1 jl J^La 

thjtu 0(^LujuXi 4 l2LL3 3.13 

(^Oaai^Ji j JlA ^J-i L oa ^ -Lq- 'V - -jj£ ciiyUyll 4i^ jJ^a! ) 

dJyjjj ^^3 4 a La 200g LajI.Jl 3 a 4_L£ —16 

dj! Ju3-a L^iaj 4lay -a^ 4,j3~4ty3 4 _^y^_j 

4 —dj)L 14 U 4 _.x 1 LJi d^LLJ! ci u L^ !j| .0.25s 
cily-UyU 3j_aJl CuL (a) J^jl 2.00J t^jLu .1 

. 4_i JLi jJi <JULM (b) j 

WEB 

y_a uLajLtJ C^aJiIaj-al 1000kg 1 g~L5 3jly_u \\1 ^| 
(jy-Stj .(jl—aVl pljl > *» -^1 J—>* 1 ^^5 uujJail 

3y3il duL 4jLuiiJL CuLaJ ljuxII 

3.16 cm 5^UJ, dajUajlj 5x 10 6 N/m <U 

La . (jySl lm 4] Lx ^^-3 3jLy_Li OjLi^a l—a J lc. 

yayu S^jLuauil d^Ly-ail AjLj-juj j 1 Jl a a 

,t-LajL>Jl j-a ^jLuallJl ^LjI 44LL ^jlJL a4 ^Xc. 


4jL^-cJ! ^yA 4 -3 L a 7.0 kg LajIj. a, a 4-LX j 111 

• ^,.3 41 i _< j 4 Cu ~ a ciJyjjjJ ^ In *ull 
4_> ju jJl ojJLSj [ i i Ij c_> JLi Jluj 4 LX 11 CjJl_L | 

.dlyujJi 3yaJl dulj . 2.6.S CulX 

duL dljwjuj clv° ^ 3Ua jljuail 4jj) ^ a dllX —12 
4.a.3 -41JJ 4Xy-^U 6.5 N/m 4J 3y-3Jl 

duLX Lq Jk \c. 10.0 cm 4_J juj 4 A-Lti.i dJo-yuJ 
juJoj iyu 4^L^X1 t. a i.s\~i\a 4. LX1 1 

u_>wL_xjj 4 ur.j_!_ij| Cu-iu. x 4 . 4j\ -gill julajj 

4-LXJ1 jljiia (a) c-ia-ox.1 +30.0 cm/s ^jLoj 
^V l J^JI (c) dXy^il ,>331 (b) 

. 4. LX 11 4_LxulI 

JJj_jlj c_j ju jk_Iu tiJj_yj >a J )1 * a ^_j—uun —13 

>a 4_>j-X 11 4_ay3aJj,tj .2.0 rad/S (^jlj 

> > <«3 1 > 4 31 t q t a cdy—ujil 

4JuulXJ 4. j. <<i3L ) ^jyX-tjy 4JU. a 


(TsT) 



I ijm C kJLJl 


dD 




LoX iC. ( 3 ) £g_>JI ^jJL. (b) SjuJaJLU 

0.20 i _ 7 ^_pLJ_i£" gJl£k_>.i t^clmxAI o^-± 

. 3gddLU 4. Lf dl 

4,kj t a > 4 ^ 4_k^_>- 4.*. LM O-3-C.l tl a3 X3 -22 

4-_3lkJI (a) ^3 ^.—j-.»-l!i i*\-c. j»Lkj L$j Bj 

41 •>■ dl (c) ^j) la 3 H 4. £-.j _ooil (b) 4 jKll 

0-^1 (d) 3 L §3* ^* l\ 


4_L3_l 


4 ,3d <s3 4^ > 


-t-j ^-}-4 


23 


1 3 i a ^yc 4_>.ljl j^i .iir 3.0 cm LajIjJLq 

a 11 4xg-tdl ( <i i<~\) <jgSd 4i^j^>. 

3.24 N/mSjJa ojL 4j gJ^juj (J7 3 4 dl* a 41j_£ —24 

43^Ldlj X 4 ♦ Js c_j Ju Jdj 

x =(5.0 cm) cos (3.6t rad/s) 

1.75s > t > 0 jJLc ^^jV) J>LJv. 

4_c.j- 1 _u j_j_£Li kIll jdagil 43lk j x * T> 4 _ jt ILc 
jM-id] Jg t a ^kS J-& La (b) Sdfi^v 43 Lk ^J] 

s^Lkii 

JjjLuJI 4.13 ft um*i 

4_C-l_djjl hj. t jt £_3jg_X £j -j <J^O “25 

Lug.33 J^J 3 ( 33 <dl JgQ jk-o ^JjOu gj*.g3 
4-Laj (jl ->—=M9 <" (j4i 

i—ijuju U 131 (b) ^gdl £j-33ji La (a) 12.0 s 

4ke_C, 0 _j_j>* j.. A.d 1 ^_k j u Jjg-3 (Jj-i t dl i JL4> 

(^jjjJi 4ixj jig a a Lo 1.67 m/s 2 4 _j_j3L>J! 

.gjlig 

ui^l 4 k 3 n gCJ JjjL-b j_A> 4 __uLjJI jJjjJj —26 
Jjgld! I j_ 4 J ^gojJI ) 4_dL 3 j—a 

^3 0.9927m 4_uUdi Jjjuj Jjkj ^2.0s 
lg_iL>oL L£ 0.9942m j ^Ji^k 

JSax. 4 j 4_x_s 3L_>J^ 41 ?r-C- L_a 

S/^dbjdi 

^J-4 , au ^ 3 >k jkl_a3 —3 L_Ju^di jlkl —27 

3j-cIjLi-^ ^Lua L^-Lo 4_jj^j_ 4 4_dC j(j Lil 


<_J JL)X—jj cdj—j-jjj 4 \"i . ^j_4 4d^£k 4—a^kJLa 1H 

cdj-^jJI o_ jIj 13J 3.5 cm 4_ 

v^.1 0.50 kg Ujl^Xa aJ^dlj 250N/m 


4_c.^_t.dl (b) ^Ikxli 4_j£-ul£L_di 4_3lkJi (a) 

. ^ 4kejJl (c) 4.1^1] s^ju^udi 

CLuLj udj—xjj 4-ak-a 50.Og L_^ijj 4 hX I ^ 
jjuiLa! jc_k^a c-jJu,3 ~n 35.ON 4j oy nil 
43lkJI (a) 4.0 Cm 4jJa3 4 _jl uuu 1 

1_a J } c 4-lTt^d 1 4_Cj—(b) 4_^o^k_Ldi 4 j 1*\ H 

(d) 4^vJI 43tk (c) 1.0 cm 4jvljVI ^^3 
.3.0 cm 4^>-ljVI Logic. 4^Ik 

cllj—j-ij 4 ik^a 2‘kg Lfcjlj— a —o 413 ^ 

♦ 4 J 3 3l d— umLa 3 J—lixdo ( _ r k 4_c.^_iio^_>3 C 

ijr £d 20.0 N LAjI.I 3 >a 3^-3 hr 1 t *i 


20 


CjJ —1—agJLc. jj^Sko 4 JL^v tjr 3 4klll ^ydc. 

j-dsj ^j-' 0 0.20 m 0 jIj— 3—a j —Li ^dj— 

.(X jj ->Jd <^4x. 4 k 3 i) (jljdVI 

4_kjLs q$?L+m 4J1- ,^j r a 4 II Ci 3 Ik jj 

^J_33 ogki i-ilij gjuj X- —0.20m 4_d|glij| 

3^311 C-ul!i (a) A>jl 4 kj i tti 4 j 3‘°)l^3 
4_c.j_t_dl (c) oL»gjg]| -i-^3 (b) <-d^,—j-^dJ 

4 c. j. _x.ull ^g_A d_jg_>d 4 L<11 —d I 

411 4kc_*Jl gr>-j| (d) ^-t^a-dj 

^lkill 4dSdl 43lkJI g^vjl (e) ^Cjgkj ^ 

. L_jgjjull 

Logic. 4k-_dl (g) 4-C.j— «dl (f) 

. 4 ] cr *kdi 4^dl 1/4 4 ^ 13^1 

tj^ka 4dL>■ ^3 1.5kg La^I g_ 3^a 4 L ^ —21 | 

3j3ll cLulj ^341 cd^ojk? ^k-tdix 3^1 iWtA 3^4 

^ jjg A * j-i-c. g]j-LjJi . 19.6 N/m 4l 

4iblj 4.u33! 3^3 ^ 1 u ->JI ^yic. Cjj 3I .4jlg_dl 

(a) gJ^-jjjd! xk cjj 1 20.ON Ls>j!aJix 

4_3L_xxd gJj. rr il Jl_*_i 41 ~i\ 11 4_Xj_o_u (g^C- 

^dxx« jl i "j. C L ^glg3^^ £yi 0.30lU 




iSuiisLai- 


4.b^v jJLlU cllLtdtfLi a Jl LLL /ys 1 ^ ale. Ca 


CxLa 


_3 4_ 


.jLLVi JL. 


(c) L$j i— j-_aX! 4—^1L \— 

jljJLo . L f 2 (j^-3 4_3 }Ltjl 

iLd-l) I jJ I Lx>J I (Jj-a ^j-a g 

it J r A \ (gjL {J ^3 ^yJl 4 <W all (Jjl2 . 4^1<i «11 

(b) ^3 l^tlf 0 -Lu2->- 4^_ui]L> ^u-u^Jl 

4. t u >- />-£. 3jl t r tjr jlyj__i_3 JjJlL> — 33 

4 Lj < uj 4 _j_ 3_31 yj 4_£y_^- (jr 3 ijjy .^-- ~u x 

4,11 ^ OjL^ i3i .0.450 Hz L&j J_3 4_j Jl_j.1l> 

^JLl £_Jaj JLL—ill 4. L-L 2.2okg (JjJuLdi 
— c. j—ij a 0.35m j *j 

. ^J^JlxjlU iJ y\ jJl 

0.50m 4jjIo CUjti-UCLAJ 1 JL>- l^q.brx.4 -34 

. j . \ , a 1 yL 3^ L . i.u. a 4—a 1, a ~ , i li i (jyl^T- J uuj 

JuUL-JI L_3yUi Jwlc JJJfcOS ^yO 3j.L-i-dU OdlL. 

^yO^JI {J\-C- (a) k_ilu J_qj dJjt yj 3 11 SyC- 

4jj-lll 4,yJ 11 jljuLa La (b) 4j JU jJJ 

. 1.0m 4jyL o^i3 £ LLu 

131 13.13a Jz J^abJl 4iU oS-Ll, -35 

J* 3 - Lr 3 'J' ^CM 


j4l J> 


-4J 4JLSl^ 3 -Sj-« ^ 


yA 4j JlH tjl Jl* * 4JLL*j 4 L 3 m 

^CW + m d 


T = 2 n_ 


mgd 

a ^-JjtqJt 4LJn (ju LbLJU d 

y-OyJI jiJl 3—a (b) 4±£J1 

<L35L*J( d LaJuil L<a J3t £c_yu3-J 

mc}2 = J CM 

^doj-Jj —a t.^11 t U fjya JjJlJj — 36 

i3j . 2.0 leg ^.ln.< u.a ^J^ya 

3.0 ^j L j.uj <Lo j) . I a i U 4j_^J 

,l£1L_uJ1 Ijl^J cy 13 jIjl a a U min 

clock balance 4_^L^ Js - 37 

4l^c_xll CiA..4 x<r>j 0.25s dSajuj £y*j t wheel 


. ^ 4 ^,-3 yjjLi4Ju cnijUiyt 

oLya^Jl ^^31 jl-^ a l-<.*ri->.i 


. \ C^yj^J^cS \ ft A, \ V~</ »i (jy qJ! 

4351-aJIj 1 friC- yuu -Jj. lid 4j^ljJl 4j^.ljVl— 28 

(^jypb 0 cu> 8=(0.320 rad) cos cot 

1 * o) = 4,43 rad/s 

Jj-uJl 

WEB 

. 1.0 ni4jyl3j 0.25kg 4 ~t\~ ^ 4^^ a ,ij j~29 j 

^1 J-qi^a La -udyJ 15.0 4jjlj J3L>. ^jjl 

4j^iyJl 4 Jl3c—*J i (b) ts\ a 11 4_x.j_ tqJt (a) 

• 5^3 y^l (c) j^yuxail 

^yoyll jlj^-La La 5.0 m 4jyL >.L-L.t.tij jJjJub —30 

Iju^i 4-Laq-u—J \ 4.a a 4ly-ajl 4^y5cJJ (^Jjj31 
c A a 11> {jja \ ji.l .t, a Lj t^JjjLLd! 

La(b) ? 5.0 m/s 2 4L > t ^y-L.1 ^jLauoj 

^jLulu jULataJ,! 

jL-3 a La (c) 5.0 m/s 2 4-Lt.it-> mi ^J] 

—Jl l>J-A ^-uaj 131 —11 (2 > — 1 

l_Aj J 3 4l_^e_ju L—3-3 i —lii.u 4J_^LL ^3 

.5.0 m/s 2 

Ji^-L »jJLLl>-S (jjj m 4JiLL ^ x.a *«■.■>. 

. R L 3 t-AaAi 4_j^ 3L Lua s 4_uLLLu 

dxJ^Jj ! a ^jySL-JI ^ o difj- IjI 1 31 4j| 

uily^g-l? ^-i-u_>JI L)l-^ ^yH ^LaiS 

^jL*_aJ tjjlj 4 4 L J, « uj 4.. Ji-3ijj 4Ly->- 

CO— ->/,S® (jI ^5 /? 4J^L tkjtuj Juu ^Jy 

{J^jub /j^SLi daa->- 4 jL^_> (jy 3 4, a La 4ia^ —32 

4-_i_L3ij_a.]l 4_a_Syq>J jJl /ya^yJi . LyiiJ 

^JljL| Cj^Laij 3y_L-S_us 4jjlj 4_>-1jV 4 ,-lajI 3 a 

aj 5J1 ^JL>- (J5 .4 a L it - a 


0.50 m ,j 1.0 m J^Li 4 jL> 3 50 Cujj^J 
L>~* J-^3 (a) 0.75m 

yi g jl.X-l-a (b) 435LUI JiyVl (ST) 





(TJT) 



4j jLxJ,Ls ^ylaju 4jjl juzu a <Gj joj eojojul 




= - bv L 


» 6 4—Jp ) 4- JL t L -AO 13 ^ ■ $ ^4—1 

4—j^-l,i15k j U 4—sLLJlo 4—udl—>J1 4—3 j)—xJi 

jjLtjCLftll 


E = 


\mv 2 + 


C^J< 

.(32.13 4Jjl_X_U 1 a\o 

jJlC. jofcj ^_J Jo3 —jj iju 1.0m 4jjL> jJjJl-u — 41 

4 loj^j j 4 X —LM 1000s J xoj 15.0 4oj Ij 

jljJLo La 5.5 LjJK" as Oo^LsLu 

$ b/2m 

SJjl_*i Jow {jr & 33. J 3 4 _sj-)—*JI q\ fj \_j — 42 

.b 2 < 4mk ,j! jLi£.Li 13,22 

~a \j ,,.%ti 2^,3 «.*ttt 7.13 f\ •“'* i^gjLCC 

(jr ^JuU CJjoOj ^yA 4 rtL g 2.0kg Liij! jJLo 4i^ — 43 
F=(3.0N) cos(2jtt) 4_cv.jU. 3j3 4 U.»iI^j L±jj 
20.0 N/m cdj_ojj-U do 13 ijLZ 13) 

4_jJojJI 4—x— LM (b) ^j-ajJI ( 3 ) (J\£, 

jjl t £? J^Ll^j <jI^j-io .4_Lj_stla) 

.(13.37) 4jjLx_a t »lj b—0 

<j\J (& — 0) JSl -tlall a jo-C. <_i JLijJLo jLu_c.L ~ 44 
13.35 13.36 4^Lot_a $ 

13.37 4JjLx_aj 3LLuua 4jjojJl 4 jl mmJ 

CxjL cJj_uj ;Va 4 3lt a 40.ON L$jjj 4JL£ — 45 
(JjLuaJi—A j. a-£- ^LLaJjij 200N/m 4J 

i 10.0 Hz L&JJjo 4 _jJLs1 JJ 3j_oj joLojj 
ji_>J) (j’^ * 2.0 cm 1 ^Ttx < 4 _jj, 45 j_>. ^yil 

j_j_C t rtjrt ~v- dJj-joj jj-a 4 3lx a 0.15 kg 4JL£ — 46 
4_ajiaxllj 6.3 N/m 4ojj OjL 4jJjjJl ^JjLualLo 
jjIjSo ^ 41.7 N LbjIjuLa 4o jo JLla 5jJL) joUo 

4_x_ lm 3 t3j rt 11 diL J_pl3 Coo 4±£Jl JJjo 

.0.440 ni4-a^^ll 4o jo jJI 


(Jj—>. 0^J?j — A 4 K 1 1 {jA 20.0 g jjl CUj— rt_) 

(h) a a La 0.05cm La.j>-Ll^ <. ji^ao 4 _bLv 

doL (b) 4l3C-xJJ ^yjl jji JJ ^j-C. 

.(jij-JLl 4l^r X I dijoojil 

4 j 2 >2L?! A,Sj—>J12uji 4 5.13 ^^411 

A * It) AVS'tm .ti 

o_jj_5JLj 3.0m/s 4nj^_iO j_i_t-u3 3 jLj-u jLLj — 3K 

^jo) J < r*l a ~i >1 Ju>*jo jlL^l 4_3 Ljv. 

j>-a (jo (a) (P38.13) JSLji j-4> Lc-5> 

4^j_rtj f'l 4? *i iV) 1 jl4> ^J-3j ) 3U odjJixj 4 _^j>.j 
j_La_S t atm j)l-^ (b) 4L> j , am .> 4 j..,j 4ljj 

^jjjlJI 6>^ 0.30m jLW^i 

.^LajjVl Ijuii 4jjojj 

Boss 



P38.13 JSUl 


Piston cJU^o olj 4 J! (P 39 . 13 ) ^ - 39 

t 4ojIo 4oj)j 4x.j_uo 41 tt til jj Jo La JoC Jovij 
3 Zj-*- UT^ m ill 1 < _l |>|^ l_jjuJLjj !ill 



6.13 jqdatjfjLC>.Vi 

4_tSLul <.31 4_alln II J _| » ~l J JL_*_a j! ij^i - 40 





tSLolSLU- JjVU^JQ *b^i* 


oijuj LLb j—*_> ^LbJil jiLi. (P52.13b) 

^-Lxi-uJl (jr^“ o jH J— zt-i 4_£j—>JI jjLIlLjSLII 
£- 1 ^ 3 ] mj Ji^j 1 —aJUlC. ( 3 ) ^j-oLaV! 

j2L>l m| 4 J 1 HL L^Ji_ u*3\ m 2 ^ _ s . 2r> 

.d 4 ^c. xuj <jJ 2 . j^ - Tu j( 52.13.c) 

(j-u 4—^ 1 <u 1! jl jLL_a La (b) TJ jIjl_5_-a 
j —a_^! jJlc. alj —xj^JI 1—q JJr. 

<*% D) . 3J-a JjV 4j LlLLxj- la3 

SjjjJi V3! J^v^t :4 _Lj>.^La (P52.13D 

m j ya 43^LU 4_< 1 j.L.La.U 4. x . * ^ H 3 4_j j_) jJJ 

. m | 4ii5J 1 j m^ (jt jlju 




P52.13 JS2i 

4_j_Ja_3 I jp 4_^^_5t_J ^ j ^ v P a y i_ i- ^ 4 i~ 2 
^ mi <jr^- Lj_2_31 4 L j — uiU 



fi 4lx£il . f— 1.5Hz 34^-2.* (j-uLa' 


J^Lju^j (P53.13) J£_L ^ L_^2 P 3^ 

J-4> £j\-0*21 ^ySbjL-H-UUVI ^iiL_1 

4 » ui 1 ^.ua. 4^fl JL_>JI jIjlJLa La U^— 0.60 
LI 4—a j L) 411 ^>52a.> <jr iJi 4_jL_jId! 

,3V>I3V5 4i^ji cLL 


A-idL^J *-“* 

uL.ix^ II ^j^L^x-a-^V JjL^-uj aj L_,„ — 47 
olDJj 4.L^ L$iIU. shock absorbers 
juu 1.5 s^jj^ 3^3^ c^Luul^ (jA^^ 4-j3jjuij 
1500kg 3jL__*-Li 41 ~j^Llj O-AJlL_uoI 
o-jIj L^-La 3^3 Springs c.*j.u <_» £_>jLi 

. k j I jJLa 1 k 

t ~ a — j_<_a ^,23 150kg 43^3 “ 48 

L 3 L) i474Ji_^JLi (jr^ 4. 2 j 1 .. auII 3^1_ .l. Axtll 

Sjuj^J! iSjjjS\ 2^331 

c_< j. ^ .4 4 _jL$J 2>^ 4 2.1 a ja /V/ 4JLa-l^i_a 422 |51 j 49 
/yi L 4jjioj M 4iu£j| 4J ^iiilLLo 

tj\c. (a) (P51.13) LS^ Li»J 1 4ijL^j 

3-j—L_jJI 4 L a i a ic j__u-i—1.4 211 Ly s j Li I 

LL1 -i~u ^lia ,l ! I 2)3^3 1_aJl 2 c. P 4.lr>-2i.H ^X.jCa 

<zj\ - 4 -«- u -(b) 

oy^3 olpVI ^ ij — j — x —loJI 

Zv—2.0 m 2)3^3 LqjlJu^ L$ 33^il 

c_t_u-4s2JI 4 _jL^j juLc. 4_ili£3l (jf .3a_u) 

.(28. 13 4_hLJU ^jJx~u-u\$ 4lidi {yC. SjLtil 



P51.13 JS2i 

4J1_^ ^ mj=9.0 kg UjIoL-a - 50 

4_juL Lij-LL c-iij-, A3^4 4 dU a (J3^3 1—Aju£. 

C/u-a L<^ ida2L>. ^3 caixa k=100N/m 
m 2 =7.o kg 4 L>Lj . (P52.13a) JSLL ^ 

uLit .i4> fjAl U>s ml 4.LL11 £^a L*- 2o 

JSLu jLui A—0.2om jij—eiij— 


<s> 






LJDt jj iritis 


(555) 


JjLjJI <-LIjs ♦ 4lL»U 4sjLtU 4.1^11 jfij_a ^ya 

ojLj Jj _*-<u 4 jj 1_>Ji ^\ _b /yj <-jj m l j! 

^ j__j—— a (jj£ls t £>*} ^ 1 ,x if. . ( dM/dt ) 

LJjjlIJI Jj_Lj h 4 _jjI—>J i Jj!— i_uJI 

^u-ujt(ci) 1 tl 4_h5vJl y-£y—A ^yA (j_uL_ILa^ 

L, L- ,h , bjLu^H jSc. CiLu^Lc. £_usj jl^s>Ji 
^jjjJI (>«3Jt (b) 

t ^j-ajJI Ljr^ 4_Ji 

Lt^ 4-!l^ l£jJ- 01 -Xs-jl (c) 


tjjj-jjj *M 4ln£ 4 _j j^L*. a L 4 JjL JjjlLj 59 56 

Jrt,< ill h 4_5 Llu A (jyJx. OJlILq k 4 J 3j.IL!l 0-5 L 

. (P59. 13)<J!Luu La5^ JjjJjJI Jj \aj 4> 

8 Joj. j. »-i*r> 4i m] ^LtoJiJ 4 jJs jJI JJ>js _L>-jl 
L 4_!jis ^jJ! (Jj jJ.31 j .lSl-c. I) ^3j_j_*_us 
♦ ^4 14lll5 q\ VI Og iSlA 



P59.13 JSJZ 


L 4JjLj ttl 4 -uh £ ryA 7\$1 — 60 -57 

£jJJ J_S*Vi <-_iSj_LJIj 4 _u3j>_L Jl_>J yA 



J£Lu k 4 J 5j .Jail o-jL ciJj_jjj ^lf. jS. j^j 


Jj-s*. ^jli jj. ^j-c. . (P 60 . 13 ) 

^jilt (jl (j^j (<i) (V 3 YYll^) j_A (3-JlOJI 4 Lut t 

J-USJ (j_a (o—i_* us) 0 4jjlj_} rljJ I —a J. if. 

4_$J_>. o!j_sc_1j 4jL_ 3 jjJisJjj ^s..aVI jijsV! 
0)=V 3 kJtTl (_jj I j JSjJ ol J 4Lj uoJ 4 j rt 4ljJ 

5.0kg 4JiHI oLLjS' LI Jj^ (b) 

. 100 N/m SjsJi oj ii> 4 J Ldj_usjJij 



P53.13 JS^ 


4 4 j s °l 1 jj 4_£j_3cj ^j si P Sj-j j.5 4l"l5> 5? 

4 . Li . £' . fjjjjJb ^j-aLsi ^_L2u_y ^ 1c /jJj-u l— 

.(P53.13) JSLA ^ U^P 3^ ^3H 

i i 1 /VI ui]W*» Jsal—*— a j 

4s3j jdi 4 jl-lm (jr _us_a i ji jJ&A La . [X^ j-A 

LjLJi 4la5Ji OsL5> I j] t4_ajl^ fait ^jj_£s jjl 

l\$j-zy <■ s t is> i^JS> D2 ^sj-ljjJ! 41.1 ^ 53 

4sjujJ! JJj3 {jl—^ ijj (H2 )u^->*jjJ'_ ± _^31 

La f= 1.30xl0 14 Hz jjk H2 cj^JJ-Xa-^ll 

^jlsj JL ai . SD2 ^osj-IuJlL] 4_»JsjJi JJjs jl, X "a a 
qmju 4j uj 1 ^r-*f 11 tllj—AJj-H OjL q\ 

.(jLjjjaiiJ 4 _uuuJJL jIjlsAI 

R j A y L a 1 ^ is-\ % &y£ i"n ^ \r 4 uq ‘^ A 4 i^ 51 

<jrj'>0! jXjj* UJ- 5 J". 

(P56.13) JSLA ^ L^5R 

jljsVl ^_usJ (j^a dj_jJLus]i oL^ijiU 4 jI {j\j 
4£jsts ^J-SJ i^jlsjswii (Jj^s Ljjj^c 



O^Luai CT* i ^ <; ^ 4 a j.sL 4. x*K a 4 jjL^ 55 
^j-a 4 sUa 4 jjL>JIj <p 4lLflli$ jJjL-oJ 4shi 31 
Xj-uLls 4 _!j1s VjJlL jjSLJ t h<i -v L xjjv 



ISL^LuJlIj ISLuliLd^ - f 


(P66.13) ^j 5> L,*-u i^y'a . °i t ^j_u_Lc! jJ a. a ^ loj u 

4jl—>■ i _« r £ 4 Jj2oj k uiJj_4 l}^JJ 5j _nJI Cj_jLj 

^1 ]ri ll! 4_Sj__>Ji 4 -^LLs (&) .( (jljjVl 

(b) U 4— C.J ljj 4 1*1 K. 11 t—<0. lie. 

*ij —>*\ 4.JV <ji l) 4 j jy jJJ 

e t-C-j—i-u (jlj ^J^JL-Iu <-tb-yjJJI 

tJijJaJI {j-A X 4_£l—L^i.1 £_q < * dXs.j—2* 

tji edjjL^ u x = (r i£)v <jj ojLiJi 
rfm = (m/0 rfjc d]byjjJI tyx Ay>~ 4L£ 


P66.13 J SJu WEB 

^ya du 4Jo^jty^a m L $ ■ u fc 5? 3j-£^ j67 1 62 
c^_>u 1 a 4 * a L, Jylo i q ^ <4 J^LLJJ 

c^j! .(P67.13) L^S. T j-A 

Jyls ^Ic. LpJ 4> r. y 3 j> ^ t ,i<r> 4JsL imj^j <b£2l 
J LAl l (jt tLuayJLsl l 3 | . ^ioLLsJU Jany-iujl 

[-(2T/L)y] ur A ^LwjVI z<jh (a) jyiib 

4 I 0 j. * g) 4_j_^_3iyj 4_ jajJoill (b) 

.U)= ^2TImL ^jij jjpj 




P67.13 JS^, 

4jL^j ,^y 1 M <xASi ^jJutj LqjlIc [68 j 63 
t JLxSJ} k 4jjyS C-uIjj 7.4 g -<ui 1X^411x5 

IgLaj 4 Uj j aJ 4^1JJ 4^y>- 

t^IKL M 

,_ ^ , . . , V , . & _ . HI 

b-j-S ^I JL '*■ . t .« L> yy* 4jy_yj duj-»3 ^gj 

l^yj djjyjjjl Jj-a 1 j t »1j 4.2U..Q 4.nil hr,A 

4JLLa <J cc^u2 (a) (P58.13.a) ^ 

LijjjLic 4 jSLuI^I 


P60.13 JSui 

lOON/mSj _nil Cj-jLj 4j c_ti_t_ a, diy «<j — 58 

4-j_3j-Io J^l ^ t^i ~ n 

j_aiaj 4o^>J I j . ib* j.~>- C<jja VI 4_5yIo 

J-4J 1- t yo 4_JI_t^j 

Sji—>- 4.0 CIT1 l_AyLx3 4..." -^a— n 

->JI . ^yfcLot CyLj —a ^yic. obj^* 

. 200g 4jj-^ ^ 4a_J->J l ^yQ ijr xjj IjJ 1 

. 3j^_iJ! £-A 4— ljj —«yij JlJlC 4a-j_ 

(a) n^LoJ! 4i.*i^ ciul^ ijj .4jjujJI j 

.750g (c) 250g (b) 4 L^o 

jb ^'4>1 4.n.jjt_xa 2.0 kg 4l r^ [62] 59 

t nn <.u > b^CLo A—500 N/m dJjwkjj 4_>L$i 

(jyij 4l_3C_ jlj ^_n3yj Jl_»_ uA\ . J_!UUl_a 

3L_3t_B 4 JL^_aJI c n 4 ^-Hj LxvJwlc. g/3 LajI J l . a a 

^jiyJI —III —n—4 1 —a (a)^/ =0 JulC.) 

^4lrat til L-d-Sp ■ \ lC. 411 4jjujJ 

^jLxaU ^Liil ulij-ubJ! Juoijl jt Jn.4 Lq (b) 

S.Lat-t^all 4-Lul^ 

JJ-Lo-Ii 4_)^bj 4-i.lUJtJl 4 _»—ljj jIJl^L-Q l— Q (c) 

5jl> j^U y^b ^ ^(1^31 4—uljJijV! 

. Lywya Lr^l ^L>o^l j-yC.1 

6.74 4jjli5j 2.23 rn4Jjis Joy *<o b_5cuj [631 60 
xlc. 2.06 m/s 4. 2> 1 Ji.I u l 4 -C-j-j-u u Inr. 1 kg 

4 —£j _3t_s n ) 4_j! 4 U n ) 

(b) yy»yJ^ (a) 4ja.y i.uj 4. j, n 4lyj 

. ^ j i*n n.l 1 4jjlyJI 4^1jVI (c) 4yi^Jl 4jSLLJi 

f TlxAA dlyyjj 4. ah -Q M IAjI.JL fl ^ 4^1^ —61 

4 ]rx ,uut > 4—i_a_sl jj 4^yj>- ^5 u_j Jlj JLbj (^56^ 






d£> 


O2llo I ^cj ylytfl ^xk)j ya 0 o 

j.i t juOi 11 yayJaJl ySj-A 4_C. 




T = 2k 


(jjJb VI ( *-uay yi-a La JwlC. 

1/2 

/?g(l - cos 6) 


(M/m) + (r/Ry+ 2 

>A 45j-stil ij jj xJl <y0-^ L/h 5 


(M + 2m)R 2 + mr 2 


2msR 


P69.13 JSLs 

£ruii 4_}jujjJ! <a!1 U ujjujLill j-ji id — 65 

Ujl£J 1 <j1 _d, (19.13) Jidi ^ 

100 N/m ciij_ xj^JI ciuLj t 375 g^jl_<-**3 

f}±> yylt ^ fS (a) 6=0.10 kg/sj 

ya (. ill yJj 4_1 j-jjJi 4-Jt A* jl JlJLa <ty #j 

(jy^J ^ji-s di£ji! ys ^ (b) S4_uljLuV! l^ILao^ 

1 ^ 3 4 j £i t 3 ,>-o ) ^J] 4_£_yl£_dl <L^LLsJI iLa < ^3 
JjljJLI 4_>oLc 4 3 i^u 4 j 1 (c) 54 _j_j! Jl3jV! 

4_£y_». 4.« < >31 4_j ya_sLuj <^jJ! 

yydl (JjulII t 3 i yi> t-jJuJLxl 4151 *>i~ 4 
. l-j lujCLall 4_^-uti_Jll 4^LLJ1 4 j ^ y.a lJ.T i ^ jJt 


k2 ? 3y6 CUjIj L»-gJ y^yyy 4JLuau 4 HI 4l3£ — 66 

(P 17.13a,b) y3 L. ,q-£ k j j 

yl^. 4_Ll£L]i cily=t33 ya 4Jk>- (J£ y^ 

4-! I—y° ^lyjj *1_Cixix 3 J—1^1 \ a 

4i3ytJ 4- lr ^ J l j_33 (jdJL>Ji y3 4 j 1 y_j JalLajj 

<Sj3^ yy 4jci_uajj 4_x3dy 


(a) 

■s 

n 

to 

(a) 

T - 2jc 


m(k x + k 2 ) 

k\k 2 


&j + ^ 


P58.13 (a) JSJZ 

yt + ru** 47.1,41.3, 35.3,29.3, 17.0, 19.3 
80.0,70.0,60.0 ,50.0 ,40.0,20.0 J£ii awlb 

y Isf-I A ^U^ji - l_-t-Uyx!i yic. 

dsl yyli (J-Sl 4,. 3-jjl6 4dn i ulx j-a mg 

/ysj . da-3111 vflTlj j^eu < ■>- \ 4 J-ua_21 ^ 5 - 1 -urj I 

i-fjj-jjjji Ijl$j k jLv 3, i a c-j-t-u-a-i y~*'‘ U 
4 j_3 4i^j 4 _-£j__3c_j ^x j).33 4—OlJu (b) 

4y Jlj JlU 4lr>j-i_u_i 

4_LjSJ( 1 ,.,Li t——3jj 4_cl_ lm 4 Irt ^ <rl 

CjIj juj j. 2aJtj . M=80 g 

Ujijd* M (J3i 4jy?tl]| £jjj£ • 1 3.4 Is LjLcu- 4 
f !j_^70,0,60.0 ,50.0,40.0, 20.0 

^Jb ujliJLjj j—ujjl! Ul ^1—311 ^ifC 11 

.4_dl3l2.52 , 11.67,10.67,9.62,7.03 

^LUll ^ya T yoyji jk\ 3 A i*-j-LU->* I 

2 __ ** ^ _ 

i T (jy 4_9^1 _jlJI 4jy>u ^jSL! 4 _l.I<> t.11 

^ 111 (Jy* y* k jt jJLs (. < i M 

. 4ji<jtil ^u3ll CiLuyll 4-3 j yLa ^Ijdtlu-uL 

jl Jl3aj l$-ilf. J is~t >u ^yJ! k jl.l 3 a (jyj (jjLs 

(c). (a) ^ i ii a . 

i5f-“ k 

^laali j!jl2JUj 4jjL^j yJtlU y ITI^IjlXo 

7.4g ykj till 


43i3^J r C 3 x^a.? £oiij yyuua [69j 64 

t 3 j y-a*. I yty3 ^lau-u-J yua-j-Ls IT1 

i—c-^ M43 1*1R ^yloB 
^ yyi^all yay^ji jdy (P69.13) 

yi«->s yy£Li! yay3li^ .y_L- iSll 1 yay_3Jl 4^L>. 
CxJtjjl 4_4jla 1 Uj .ytLal <?y^yO yQ 



P71.13 a&b JSiA , 


ANSWERS TO QUICK QUIZZES tKfij^uuJI Cil,lui2l fiiUI 


t _ y iajLJ 13.26 4_I ji—*—a ^xj.i.1 ^ Jtj 
U^i • 2^ J-CO-aJi Jjj L L JJ ^j^JlII 

, LuujM !j -<Q J ~>- JL-tuU L-a Juic. 

f 

^LL^JJLI Cj_9^~* 

— iaiU (J^ 3 4-J <_Laa—x-u-J ^JjJUuJ (jJjjjJl 

a Xr,h..,Vt a Utv., „ V1 

juLJi jl^-X&VI c-gBjj (jl_£ ^3j (6. 

La £-j_i_oL> oLa, 1 i j r o\ i^>~ial 

_>- _ LS*~i CjI J >-Ls cfiJj —j 3 

oLq, i. ( j^>1 ts\~i aL 4__u>L>J! C^iux^uW 

aOJI i jla (j\ Shock Absorber 


13) 


j>..u.f- 3jl^Jl < 3 Jt - 3c3 

^JjLtXu ^jLS' I ji. CU-t-u_uuJl ^JL*J 4ut_UJ 

j X r . JjLua-Xll ^j~a ^JJs! 

4 0^1 A ,1 it 11 ^yi3 {JJJ& - 1 ■<■» jj 

Vjl-i.Xtj cXjj-j v l 31 .^u. iti L^j f 

4 _ UdLuhJ 1 C.x U.XX—<-aJ 1 Cuiji^JLk! ^yiii Ju J— <X 

CiljUo^J! ^p5 oLaJLi-ajl ~i aiu 

b-utu Lg>i aJuL L^jfjuj j—a 

J—2 1—a t4—a J—uaJi -_^ol—ua-XL^at Ju ic. 

<~i-txi VI oJL^j . ^jl i-4-ail lut_a j. 11 < ii i) 
aj. A ■ ua -^ 1 djljlj_4_uJi a a.i^r>a 

Cu-tJ oLaJuuail 4_udLU 5jL_j_x_uJI 

* 

(Jji, ,~!i (j-a OL_j_b JSl ,l ..->- jiU d)>^* 

(_>^>!_a<a_j_at (_yJt {£±y* ljukj _»Jt 

^»JLC. ^t iS^3S: . < H i Cji_aJL_uaJ! 

^t -1^—*-J jO 5 'i j .T. -»■ i ^ijt t u 'vVi 

jt 3 j _>-t_5 ojlj_1 a! . u-j-i (jtjJiV! 4Jl_»- 


()) ^jUa3 ot u^V A u! (1.13) 

tUb (^c. jail jl J_3^i !_g! LgJ (jjSj Ob 
t— 0 jXc. ij_<a_iaO ^aL-uJ ^XJI aLqJxII 

^ ~ ** i e. c 

\ nr j rr in i JufijJ (j)— COS 0 4of 

4—al— c. 4 Ji —j| 3jt/2 jl 4>=7C/2 Ju r 
^Tr-j.^- 1 ^ jjlc n da> (J) = ± n nil 
Ltj l i-X > .l ^_oua_2j jjt .^-X-4-3 

^LXutj 2 jt j j-«Lu*> (07^- 03 

ji jfl ^U>JI (jL^ (3j 

^ 131 . t=0 jUJi ^1 

D|<0 


^ I3jj <fy—3K /2 4_C.j-o-aJ 

. (|)=jt/2 (j3j 


ji—>Ji ^j_a t4A (2.13d) 

*S 

1 ^ i L»i /4 a > .< a Ol>j^! cJ! 

dJ > je-Xi <Xii3 J—*-3 i4j juJ lI) 


^yij L^J 4ujL<-u-a 4^1 xu a ^jl^j^/l J Uu 

cLUj wL_t_j (UuJl <u IS ^ 4^f I Jlu>J( 

^ x.x«5v.»fi oL>oV! ^tLiLa j^£u 

SjjJ ^yJ] 

. 4/4 (^^LlxU /.n,a L^J^4^>- Ju3 

^iou^Ji a^jj <> (3.13) 

. 4u_}lu (j^u^ 4.1 «11 

x =-A sin cot j A =D|/(o(4.13) 

^jl i-uU CJ—jIj vijj—A ^J^uLb (5.13) 

/c jr^_a jtg ai tju* ntu.f iji ^ = mg/L 

Ju>o 13.18 4jjL*_a ijy 3 



(jsHT) 








• 4JLui' 300 (j-A ['ijjji&'s?' 

3$-S <4 j-^ 

cLvl <Till 4_tjjL>J1 

L y-U-OJ r^yJt L pDjVi V ^ ^ < -w") 

^—<;_nJI jJj» _>u j^oJI Sj—oJI 

I ^23 ♦ 0J 5 ^.na-i-uJ 

g.1 1*11 ^ JwJy ~ < «tj oj- -l->- V1 

^ <i., >J (J—jLjb <—ixJL3 

u_ijL^cJlIi CiLttj ltU 

CjL_sI -i_u—4 ^lf. (J Q j jr !lli 

LT^ (JT^I Liiil^ ^J-X-AJ 

3^9 jjoo jjiu« Lc. Constellation Towns ^rj-* «sx.^<j-^3 

4jjL>o 


iuuiLjBJiui-jli 

The Law of Gravity 


j* $h df>) 

14 

t I Jl& ^ «K«^i~jij 


^Luiilsjt j«3^H5l2lia 7.14 

Gravitational Potential Energy 

lS\ yZJ l3 l£j^>- ‘"iiji it ^.t 8.14 

4_uclJLuaJl jl^Vlj 

Energy Considerations in Planetary and Satellite Motion 
(Sj ii>vj 4l ^ ( ft(»y »j[^u<LujU^l5y2i^jUI>.t 9.14 
(Optional) The Gravitational Force Between 
an Extended Object and a Particle 

<Uj^<t£^j|<tjiii^(^2^al^t5yii^jLu>t 10.14 
(Optional) The Gravitational Force Between 
a Particle and a Spherical Mass 


j»LaJt t-t Jl>i. U 1.14 

Newton’s Law of Universal Gravitation 
j»Lstfl i_i tluli) 2.14 
Measuring the Gravitational Constant 

t iaji u J(2Uj«uC 3.14 
Free-Fall Acceleration and the 
Gravitational Force 

Kepler’s Laws 4.14 

<t^j^j2Lu!sL>Jt j^jl3 5.14 
The Law of Gravity and the Motion of Planets 
The Gravitational Field^Luibjl Jl^4 6.14 










^-akULa cilllik (j£J cui ^-4 -aJI 4jJ^_». CjUj^Ix^q CxJt-4_>u 1687 ^Lc. <J-x9 

^jJl ^*tl all jLstjj (j-d jp^-U jp^S-s 4_Lc*J! u£li3 ^3 *4^_>J! xili3 Jl>Jl>»j (_yl!! (_£^UI (Jju*. 4 u> j >■ i^ 

(jjjus 4 j^J jw4-dJl (jr^ 1 Jb <>^3 xijLuk (jl (Jj^/1 <j^jI- 5 (j_d ggju-j^l Ju3i . (j^JJ jl^-o-ul ^ i_c ujLJI 4_j ^1 4 

# ** 

jpj-u £>»jl JlS] • bpb (j^£j <jt (j^ <_ rLH^ jl *X>a tly 3 ^j 3~t < <i d jl ia.o ^3 j - d-311 Ldjj^JU i « 3j_3ll tiilj 

^9 4 j I <<1 1,i ^jJill (jl jj^a jp^_u jpLj>o J-3j . j, <; nil (_yJLl i_£j ^3j3 (jy IlJl u_J Jx_>Jl 3^S ^Jl 5^5i! xiiij 

s* 4 4 t 

(j-d ty.^->- L^J i^dJouJt l flixj LloL->» tP-XHu C< UljJ U_^£l^.11.0 <1 11^ ^-d .0.11 J} < >Ju>- 

0jLuu_d £_pb j.-43.11 /^pjl 4_a_>jL>Jl L yx£Li <j \ jpJ_JJ (_£ij Jull .^Loj^vVI (jU 4_U^J 4_>aL£- 4 _uJL>. 

(jl C.* :*•"<lit4<1 JlU 4julll j (j£. ^-jlC. JLdi . 3^Jfc_u3tIl jyj 4_>.Ldlli Jo j )a t u U ax uU (_ylll (_y-A (_p>jVl 
(jujj 4-31 1 aU j-Jj-d £->« 1 j < uKc u_xxxLu3 (jlj JljV Lptjl Jus ^3 f^£- (_,3 n (_ylll 

.( jy Ll 4__u5 ji_u>Ji 3^J1> tojl Jl_ 4 jjJU j_4_dJl J-*_u>o jjyllJi 3j_3Jl <jjLLi (jl (j<Lx u ^3 (j^aj . 4Jj^Ju ^pJ! 

. JL>- (jLlialus L4 A..! >• i.i .u ^Ja-uu 

(_yioju 4_iSJjjl CjLojIjlII iLyt^ljSJl 4 l-3-uo^j <ij 4 _ujL>J 1 (jj/jJuLta 

Johannes j^Lb^j L^c 3 Xu-«l < j T i]l uy^t^JI 4^0* <jt 0 *^ ^3 3-^3 ♦ 4 _ujL>Jt (j^»l^ 4 ■>-. us IjLplJ 

fi 

I^_*_jl *3 ‘gZ't'xjuiia uiiiJ Jlju . 4_ijtjJ! 4^^_>J 1 4_i jS 4__ujl_r>Jl (j_c ~vlV/3 .«.u 1 jpLxw Keppler 

ijr ^juuM^ 4_a£.LluoJl jLs-SVI^ u^l^l d5!>j->- 4SLL> j. xxiaju *■• j 4 _aj 3L>J1 (j£. 4_>olxIl 4^Uo (j£. L-dLc. 

.^-u-u^-j! JlLoi ^u-u->- (j^J 3j-3Jl jrOJU 4-jj jL>J 1 (jj-il^ (JjjJo (jjC jpJcu ( n & ^_uloj3j l_jLJ 1 I Jut> 


NEWTON’S LAW OF UNIVERSAL GRAVITATION 


<3^-3 4o*-LdJ (~<Lrt m (Jrt f t i\ j)L^ Ls-Lu (j3_^-U (jt jj ^-*3JLl Jj_ail r(M til JL5 uilL tJ 

L^juaJU u-J J Jr U (j^SJI ^Lxuuv^l (J^ (j^J (jl (j>s (j| J^ xo.xj 4j_*_>- JlijLj>Jl IjlA^ 

4£juv (j£. 4 jv 13H jJlluJ! (Jolrtuj (j3^-U jklS • 4o^Lal]! L$j CxjJloo! ( JT oJ! 4_3 jj_L]1 (J utin (_paJt-Ji 

(j^jliJ 1 (j_cx£U jJb <--^l3^J1 4_^_>. jJl (jjjL^ (jl J^G (JJcrGlj I JJt -ju5d .(jIoj^?l (J^^ j 4^11 

jus 4. g-uoj^fl 4i^! j,4 a cr Ti Sj>_d (J jl uiil3 . ^oj^l j-^cJ 4^ La ill u.»j >■ (_y3 .m3 {^jJl 

*4jjjSJ1 4£j_^J I 

4JLc_c 1 jp^aj j_uJ 1687 (^yB . 5.14 ^u-u3il (jj^u (Joisell 4-j.t3oL^Jl (J_o-oLal)l (j-tfjJut 

(j^tl o-a-bj Mathematical Principles of natural Philosophy >^JI 4 jIi^ ^ 4_ujL>J1 oyil &c. 

(j! ^yJLi ^UJl U-JJuadl (j3^-u 

u-J^—xb (JxoL>. j_d Lj^-L t A 4^1x33 3j_3j ^L itt>»Vl (J^ 1_J j— 5CJ (jjSJI (_y_3 |0m (J^ 

. L»^Juj I^LuJLl *^s \juu&c. i t i «Lzi3j ..U^ot^ 





t^jL-tU \ A ^ Lu u_JwL>Ji 3^-3 ^JLs ^ 431 < it A L^Luslqj^ ftl J , m 2 2^~* 2)^ Ijl 

f. = aS& a.,4, 

u .u 4 jl2j . Universal gravitational Constant ^L*Ji c*jD ^ *aj jijul* G 

6.6 « LlLa^. 


G = 6.673 x 10- n -Nm 2 /kg 2 


(2.14) 


jl Ji-3 x (ji C<j > ^<<>5^ ».Il ^a. J-Uj (1.14) 4UUJLI ^^3 isr J±> ] UjJ\ .JS2~ JIj 

2>® £^ill IjL^J <—3j_<_uj ^ ^ 4_3Lt*Jki £_}j — c £_xs ^_ui_jj 3^21}! 

4_?c_jJU 3jcvj (j! Ci.^ (1.14 JSLuu) '^{24-^caIi ^jU Cil ^ »*i a (JSLju ( _ ;r 5 3^-3JI lillj qT: j oa Oli 

(2) ^-m.:>J 1 (1) ^ 3 jjJJU S^aJi ,2 ^yil 1 £yi 4j?tlu 

m,m 0 


F, 2 = 


r» •• t i" t 2 
^ .2 


12 


(3.14) 


3j_3ii Asr. ~3 2)1 L.i.?tJ ^23 2>- ,0 3 (1) fw u.^kII 3 -^tJ LJ^La-jj (2 )^_j>J1 2)1 2A-4 4_JL<jJI 3jL_2/^M^ 

L^-dl jL4u (l)^u-u->Jl (2)fuo->JI L$j ^3Jj 3$2Llt 4£j rr\ 1 cJlil! 7pj-J-5 ^jjji-3 *(1) ^ 

J * al l J>j3 Cy* U^Jt) uj^- 5 ^3-^3- 24 i£l * o* *^ r l 7^3 ^12 ^2i 

• F 21 = ~ F 123 

Field jjL^c-C 3^Js 3 jJI 4 aj 3 . 14 4J_iLx>a tJ7 _3 JlIJljJI t-dLL&j 

. Lq-^-Lu <J_uaLaJI <F> « £j£. j. F> ij 1 Ju FotCC 



Ov 4_^>jiL>2! 3^5 (1.14) ud 


l ^_ys 4jt.Ti r i2 4jaioX 1 3Jl>-J .c-sJl^. 5^3 

Oi (2) —^J! ^1 (1) —>2! 



2a 4.>J1 431 <<>U 1^-4 L_)jl3 A t?n 3j-2ii 2>j 

l2i3j^j .4Ja-^>LUl 431 <.«tll ^ ^ Jl -4iJ ^rxsLtlu ^iiJjJ 

Point Jjr Lx3_j jJu^jq 2 ^ j-^1—»j <2^11 3j— ju JSU4 

4 _3 _u3 ciJLiAj. 2.14 (J^Lju yjt 1/r 2 ^ Source 

l^j jji 5^3 2)1 (jr^J '3.14 4jjLu>3 ^3 1 

^ m >■ 4**i >0 ifrih< 3^ (J^-Ju 2ry^ 

1 Jl^J 1 4 Fx^vll 2)1 J-l Ca-^ Sj-dii (j-tiAi ^_ ;r A I 

j2^3 /kJ7 jJl Fg 3j_3ii ^ULa3 .3 jS2! {J ^ CjjSjH Jl 3 J3 l o . ~<U 

l^.x^.3 ^-Laa-u i-jj3 m <alr£ ^ <■»>. L^j 


x , y 2 a> 4jjjiaJl 43 MjU1j .colis j!ju3-« ^ Oi> ^ = klx L^a 43^L«Ji ^ y , x 2^» 4-xuX*Jl 43>LJ1 (1) 

y-kx Uj-k. 





ISLcaUjjtffj ISLutSLtlf -^Lj^-uiH 

(4.14) 


F = 

? Rf 


jJa-3 r e .^jVi aiiS m e o. 


^L/j 43 j_J 3^ jJj^ x a ^>3 *5^3 o 2.14 

3^5 L^J jk_u*J3 4JLjj-LJI J^L* r> 4_5^ix. . Mx~ 
^_ya 4-5L^U uJcLlJ33 I^cJlIc. . 4_5l_t-uli j..\ .«?< > 4_ujL>Ji 

Jll di £-i-U ‘^—>-L^—* ^.La.t. l f. jJ-jia-a 

£-JJ) ^yj] (Jj-£ 2_3^ 4j U A J tU U a J ^3 (j- 0 ^ (^^Vl 4u*.| .II.U 

. 1 ^ * 0 t ^ 


3 s *-* ^ jJLc 3^JaJI <?Jukj 

3j-B (j! ^Lc J_^j3 4JLiL/aVi JUJutJi LujJj 

4S£lS L)Jj4o l_CU_AjijuJ {t\ UL (jylc 3j3^XI U_}Ju_>Ji 

jjXJ 1_4J ^y-jJ 1 4_Us 1 —Oifcii -< .<■->• VJ Lu Juki 1 J_/Q 

^-In-iiI ^wQ.*J ^L« ^ VI ^ua> .^liil i_lUi L$3u_«ljJ 

g.1 34 II 4ua aiuLo uuLlC. (jy 3 ^poj VI (jylc i.La.3 <. Ji LgJlufi' 

L_3J l_3_iL >3 . VI <—>^_3 S -* i 1 (_>'■< a-J 

g~ /^ /iTl 4jjl —xXL ^ la-t3 4-L?c_*Ji J-Lij j^Liii ^>jj —-0 

a juk CujIS IjLJs . l L-t 4 1—<oiJ i I 413.5> ^?z cj —1 —>- 

ijl jJfl: . 4. Wg L-^oJ i ^Lu-u^-Vl 


t±- 


_>J 3jlu>.! 


.Jjj 


"*> 


*N j- 41*4 Aj%Jjjj* 

J—*—UD 3^—fi ^uuuau CJu_J*L_5 ^Jl_5 ^uU ! 

(j i^—11 ^5 — La j* jJO —t_4i i . Lkj_Li-3 
2 

^u—>. ^iU ^lo jm ^u_u 1 

£»ji\ jLtji LAjJaB <. 3j>.x 3^> ^i] < J-ua3 

^-UJLJ luU^ dijvV . <Cu±-lmJ (j I jj) JL tu jJi 

jJjfc ^vi-3.]L L-^-U^J (jl (ju-t-w ^yuJl 4_>. L-ajj-U 
« (2. i 4 )(3^ ,Lu ^ 1-4-4 1 


. Ml 4iu$JI Ljj^-Ls l-j-x-uIu 33 /^ a (J3^3 
4 _t_jjl—>J! 3 3 —3J 4 — a \—»JI 4 JI—>JI luju-i-l Ijl 

jii^i ^j3t-“u.iLi r_Ju_>3 . 4ulu£ (3^ 4u.a"^- 


J_>- i ( ^U3 J—ouajLuoJ 4_ujl_>ji (jl 3jUU ^-41.1 
3^.5 !^jja ^ J jL-titJ £uisui_tajJJ (J^OiuSLl i 

/rGlluSLli jui U J^-L> 4 .l. Auluuua JuV 4_u jl_>J i 

. 3.14 4JjLua L<^. L*ua 

j^UJl u#ji?Jluul3 s ;2»14 

MEASURING THE GRAVITATIONAL CONSTANT 

Henry Cnvendish -_y3jJ.fl.fr ^^Juk ^iLsdi 4uaLk 4 j^-?cuj G ^Ltil c-jjl_>JI ojIu ^^LLa ^<u j-3J 

(j\~t"i l ~ a m Lc_ 4 -Jj 4 [\^ (yuj-jJuuo tyOjS ^jJJ-£~ . 1798 c. (1731- 1810) 

. (3.14)J£j3 (j\^jq ^Jt> luj £ jl-L-xj ji dau_>- 4La a^I^1 «-.a <. uiu-fl—>- ^.3_41 uoJxS <jt 3jL-^j 

. JrJj>. i *. Auai I J^uiuSUI f\A < )^_flJL> M iuj^_Lo 4 _!u^ ^jIj^uu^ -jiulo^ ^_J>^3 LajJc. 

I j ^yGj-ii-uaJI Jfu i i jlflJxH -Jjuu ( _ 7 JaVi e.<-t Jafl Jl JJ-^ 

^l.t i3i i—5 i 4 _Ll^_uI^j (jljjjjl 4fljij ^v-ul.33 JuJu>. J-ftJj a c ^-uja-fl. Ji 4 JLq {31*41 jUtuU 

/ 

.JuLOli ‘•■d 1 A U (jyljC. 4-iaija 31^-4 ^>1 


<JD 








jJiXJl «—t.luar.u L-C_l Lc. . G { _^L- i f..2J jL$_>J (3.14)jJiw 

i t. .jj_U .M o^j >5vJl >-IjIj>^JI a ^j _ j i - o J1 

j-uo y 1 t-4~i (^C. (jljj JuJ! ^uLdJ^ . j 

4_l5 Cj-iTU. 1 £j_fl^Jl < i i j-s\ 3J \ ^ylr. 4jLi-i>J Sl^-jO ^ lo-> «< t _ y i-C ^.u-^AjU 
. -> ■> >w^i3,l.! ^jljZuVt ,*_j3o^Ji (j’UU vl^.2uXl lla jJl ^Ij^wUU-aJI 


L7^ ^Ul£" a t J^t3L^.-b 4_i^?c3Jl a . <d£^A>» 3 J_i_>- 4Ju_^J ! »—3!^_2ejij 

^J-u^Lx ^-jq ^-t-^uLclu < jjLrtHJl o&h ^ji l jk\ ^ c Ct-Ltj . G jijJL^ juuu ^^1 4_aLJoVLj. 4Alices c_jLbL^_^ 


. r 4b h uli l-L^o^c. t—<-<-uLZu^ LojJa fnM (j\j*l&1\ <_j 


SSJL^tj^l. 1.14 J13U 

^ cL<J!Lo 3 }.a ij^£- 4jc. 0.30 kg Lg_La ^JiT cj^Lj 

(^j^-lII 3j_5> ) iti j L^-Jj jbb 1.1 3^£JI ^lr. 3^3^41 4 _x_jjLj>iJ 1 3^-b t! 14.4 L_<^ 

. I 4 In <>(^j 

^^^>3 J- 3 - 3-1 ^ nij *Jl-JI 2>j5± ^Ic. 3 Ja>- Lr lr. L^J ^^iJl ;_£j- 3JI Vj! t 

^lr. 1 ^ylj 4_^3t3 JuV t3^.311 dlij <jl ^u-u^Ji \£j^ . 4 >JQ L_^_U_^J 

. ITI j <; Jl-JI JlIc. 4 li, t? > 4.14 ^—u2>^a ^_i> jjL>4t J Jl^cj . 

4jjUlb 4^r5tILo ITI j 3^ $jr l^: 3^_3Jl 

" "'j 



f 3 , = o- 


'21 


= 6.67 x 10 


-n 


N -m 2 \ 


kg 2 ) 


(0.300 kg) (0.300 kg) 
(0.400 m ) 2 


J 


= 3.75 x 10" 1 1 j N 

4_us^_ ; ill tLuiaf^n (Y*-i 4_ujL>4l tjl 4 1 $J>Jb 

—. 1 Jo. 3j j . < . o 1 

m 3 3^441 4 lo, ( i1^j 5 jyj ^JLi 3j3 n 1 i 


F _ r W 3 W 1 

r 3l - O 


?jjji-t 4^n jt ~sll ^ ~4 21^ 4.14 
C r 6 T ~4 I ^_>. Jj^>Lo j_a nij 5ji!l 


'3! 


= 6.67 x 10' 


*21+*31 


. 4 31 5 s *-* ^- 4 ^ 3-4 


N-m 2 \ (0.300 kg) (0.300 kg). 


kg 2 


(0.300 m ) 2 


= 6.67 x 10' i N 


*y>¥i 3JS^A4*::. 1 >■ 


ISLulS-df - 

g>**J ( 1 * 14 ) 

HI | £.Ji_di 7>j£ (_ 7 Xc 3j2Jl 41 is-\-r a 0^3 

(_^jVl y*jM £)jh gLujVU 


£Li3j?i/ifkm) 

g' (m/s 2 ) 

¥ = F 21 + F 31 = (3.75j + 6.671) x 10” 11 N 

1 000 

7.33 

2 000 

5.68 


3 000 

4.53 


4 000 

5 000 

3.70 

3.08 

F =^F 2 l 2 + F u 2 = ^ (3.75) 2 + (6.67) 2 X 10” 11 

6 000 

7 000 

2.60 

2.23 

= 7.65 x 10- H N 

8 000 

9 000 

1.93 

1.69 

F dL^o! t 

10 000 

1.49 


50 000 

0.13 

i?l—>oVI -j-4 4-cL-iaJi 3 r jl-jJo ^L_>oi 29.3 

00 

0 





FREE FALL ACCELERATION AND THE GRAVITATIONAL FORCE 

jIJlJLq L^jI ^JlC g L&jX. til 4Ojj LoJlIjC. <jui-dL>Ji <_jLJi ijr ^ 

(jr ic 3j3ji,l 3j_3Jl <iu-u>. . g 4Larval 1 4_3_> I ^Lf. ,un^_4 l lx\ 4) £)Vt . y —>31 lL^^_cuJI 4J-^_jC 

mg^yLu^ (jl l u*v 4J 4. 14 4jjsL*_Ilj f^lskJ l 3 VI ^eJLauu# jjjo <—ij-dJb til 4."<lt < v U>j) 3 i a \ L 3 < mJ ptuy. 

^Vl ^1*1 3jJUl <?4-4 -j 

M E m 
mg = G—V 


(_ > p3jVl ^Lxof ^->31 Js^^uLcuJl 4 _L>iC, 


(5.14) 


fj-d r 4_3L..a..c /^.W. iai ( 3 - 5 "^ h 4jLa^ f-/?? 43iii£ ^-j-u->* y -j lT«■*_> ^jVi 

(<uui->JI i jla 4_ujL>J( 3 yh jl jl3_4 . r — Rg + h c<j>- Cp 5 -)^' 


M E m 


F = G^p =G 

* r 2 (« £ + A I 2 


Jqj-3^-h 11 4_L^x_ (jt-a g c.t-j->> F^—titg (jiSLU t jui> julc ^ic. djjJJU 4 _u4L>J1 3 ^3 

{^jL-aJ g Jjl J-UOJJ 4 JjL*J,1 Fg y w*~31 I JL& (J^CwL . /z ^LsjjV! y~a j_>31 


s' = 


GM, 


£. _ 


gm f 


(6.14) 


' (Re + hY 

Y u-iljJtfSli 4 j j J^>u t ^^Lt*u ^tai->Jl (jjj ^lyClu-w £j_33jVt ^wn^LlIu g j_uxb \jjt -j-oa 

*(1.14) (JjJc>- (J7 ^ oLLuuj 4ii“o3.! CjlcLajjVI Jux. g ^-i3j .yJsjua tjf-A upi Y > 00 {yA 


( 564 ) 



I 




h ^UujVb g j^Ju 2.14 Jt^4 

i _ ir ic. L^jj^ ^ r ^*LT) l_^ Jukk .350 klTl f'Lajjl (J-4 -ju 4_4 .^.-^.•0 4_djjd! ^1 till 4 La ~^a 

. LajIjuq L^jj^ 4.22 X 10 6 N 

Lr l^- Lgj)^ ^ J^| jtjJJ ^ cJ3 ^i <u O^J^I jc2aj_u 4 J^k 1I c^ j 

^j! jl>o h — 350 km jIjuLsj 14.6 4j«iL*>3 ^1 jJtiL-uLi 4.22 x 10^N ^-4>j 
, _ GM e 
8 " (*£+ /0 2 

_ (6.67 x 10~ n NTn 2 /kg 2 ) (5.98 x 10 24 kg) 

(6.37 x 10 6 m + 0.350 x 10 6 m) 2 

= 8.83 m/s 2 

O^ 90.1% jjfc 350 km „>k. 2 k ->JLi ojj j! ^.~ri_.»i g / g = 8.83/9.8 — 0.901 oS o.j 

• ^Joum (^lc- 4jjj 


(0.901) (4.22 x 10 6 N)= 3.8 X 10 6 N jioil ^ iU! 


ojj <1p! 


^jVUteQS 3.14 JO» 

4jstl£ ' k . ,,j~ a j g=9.8 m/$“ ^k... ^yk. 4_ujL^4l 4k&£. oj i“m~. 

Mg= 5.96 xio 24 kg 01 5.14 2kLdl ^akR E = 6.37 Xl0 6 m , g=9.8 m/s 2 f jukiu,! . JaJI 

Ot JL^j cJj^^ ^LJI (lx 0 ‘-ko^j O^J 4jtkkll « ju4i 0-° 


PE = ^ 

V, 


M p 


5.96 x 10 24 kg 
fjr(6.37 x 10 6 m) 3 




= 5.50 x 10 3 kg/m 3 


.-' I 7, .UU OljkTL. ■*U 


4_3li_£ <■ -a> xla <_ ;r & «L-4 —lJUI eJJb Ck_i_>- 
i jl;. Lla*? 4_j^k>o <Gj . <Lku^j^?l Qj j j r A j \i*\ ) I 4^15$. LgJ 4 j.i >■ i jJ 1 

11 ^Li 2J 4 kj t a t II 4jj>-2?c :JI j 3 _L-ua-Lo G CijIAIi 1 Ct-^^ 

. 4_;U^3j^n 4 _lL>»I jJl CjLliioJi 4 jl_ll L > 4J3^jt>a Ljj! g ^koJU L$_Lg /^SLc l 


KEPLER’S LAWS ^^14 

♦ (j\ u <ull I—3VI Ju-A 4kjl^ mJI ^i^>.Vi {_yA ^^LUt JufcLfw Jl^J 

4j ^^15 ^jJI 0.5^ 5^11 u 4 ««j Lq (Jr* u-“b]| fjla 

Jt jJij ^lill oj-SJl ^ Claudius Ptolemy ^^^-xIUj ^JUil 


ISLtaLuJJIj ISUilS^i)- j/VUjaO) fb^UiJ! 


Nicolas Copernicus 1543 >L ^ .<i^ 1400 3ai Ut^U _>L1 IaVI 11a 

^j ri^ U 1 4 j_j 1C djljl j-^o 1 _j ^ji (_jjU_jj ^JLx. ^a^ (1473- 1543) 

- LJU. 4j i—iuiiftlll ^_aj 




Johannes Kepler German astron¬ 
omer (1571-1630) 

^lUl oil* p " ^ *1 Aj , ^- 

^ 1 c, <_ £\tj 711 4—£j _>41 Ia-jIj_3 £_u3^j 

L^j ^Us ^3 i a. \ 11 i_ijL>nJl l^yu 1 j u 1 

Cr^Lh 1 5^ 
Tycho Brahe 

jl S {j£. j3£l oLa 

WEB.site at 

www.saunderscollege.com/physics/ 


(jr jis <. f> ^o^ju (jt (] 546-1601) Tycho brahe ^JL_*J1 jijt 

ji>-Sextant ^oj IT iaui^u^uJI ^ .<.jjJl 4Jl^ 4 _LuojjJI >-uE < cSn^SJ!^ ^y^La! .» .i 1 Lrt-oE^J 

I J3 03jJ 1 \jjt (jr^ ^3^_>4i <>_*JIj Lo^q L<^>o 777j ^Luo^l La^.i ^hjlj 


^LtVl (1571-1630) Johannes Kepler jl£ jy^U^. J^b 

16^ ^ .cij l g J j 1 ^L.aill £- 4-^3 LaIoi ^ait 4.j5Cla.ll oLuubjJi 

J-jLu (jl SjUOL^ flOo oL_yljJ Jutj^ £-j^xu ^J^C. (JjlrtJ $£>3 

.i_jjimi <-j!jj>J 1 -jyla ju Mars ^o^i .1 d> i - 

• l^I ^l 1 tiJI (J^->- 4 j^jI jJi o!^)l jJ3 <ji jh£ L 41 ^13 1 (JolLsc-ill QjLu J_al 

c a^o^Jl 5.14 {J^4a .eilips ^= 3 l_j ^_L ^3 (JSLcu ^J-c jlj_a (jf a, ^ 1 j— oi 


(566) 






2Ujibtily^iQ >jjic. j-jti 


' V\'4~ &« 7 -:'; ;'»v 



V rt ;s~i (a) 4jj_Ls ^JJ—>lX1 

J_t_g 4 _jj^_jJ 1 da .2111 .(b) 4_i^_to j—*_t^aVI 

(?-- b 2 +c 2 <±^p. jf^JH C 4jsUi^cj 


^_L^Vi j^JLI j^t-c ^a—SLllI ^_LuaU ^ 

j-^Vt ^ a c^_>. .2a Major axis 

ci.<_!->■ 2^? 4J^Laj minor axis j ~*-ua V 1 j^_>JLl ^-a ^ >--•> ^ ^ 

ySy-A j- »-» .^ > Vl j3_j>JU J^la i ^ > £> 

a^= b 2 +c^ ~>. ^jts C 4 -^Laxa ^ ^ir 3jjj 

jljoo Jii-4-j (jz jJl ^ ^ju>.1 Ly ^ £-aj ^«i o /[illj 


LT^ ^ 


^J-45—si~J 0 Jui> 4 _JXljL!Ij jL£ JLSj . £LJ^JJ 

^SL^j ^ 1L ^- i ll jJo-^^3 i ^-jLuJIj . 

. ^JLi^ ^-4-t.uj 4_u-oU-ul j>_u^j 


jjJLST 

. 4_pj^j JL>* I ^3 wL>.^J (^^lc. lIjIj! Juq jj Ju — 1 

4. JU-A J Cjl^di-3 4-Jj l ui"< .4 CjLj>. 1 U.1...A jjutA-cuJi d/U jJi J_Li3 <■ — 2 

. 4_ijl t n~ a 

(^jjt j\, 1 <vIt JJJ>JU J^Ia < c_^ji£23 £_xs uu-ujLuj (^V ^jIjlX! ^JjjJI £J^A — 3 

.^ibLj j2o 3 (jslilu ( _ ;r A^. 

j— a-^V! j ^ >JU (j^O <-4 -LOJ jl ~i a 4 .^SljJt J-S-ilJl (jjO olj!J—X3 J_J_LU4J /a 

Mercury jjl l^r. . Jn^3 %0.4 j I jl H 4 > (jl Allbtj I <■ ^ ^>_?j 

.^^->•^1 £ja tj\ y.a I ^l^L*iu-} >u ^.Ic l<i^ la and Pluto 

.Qiu 1 4 ~‘J-h—* ijr^^ oLjj jJLl t^j-A JuJljJI Jlj>-jj 4_^l_iia’^lj 

^yl^- i?jl JwQJ t4J_f_u76 L j^ 3 j_^ 3 jflO Ml 11 yA C-Jj. 1 LojJr. 4jbjj t yi4JJ < n -V VI uilij Jl_^! L-uIiilj 

(J^Io la. 1 ^ > jhJUL^ai %76 <■ tSj-u£ 4_>.jjJ ^a°ilj ^_Li 5 <J^2lu 

^1_j_lLi_u1 jdj^ jjjjLJa (jf VI ^JL-£ 4 _b V _«J 1 i*ii JjL^iV 

jjj (j£a-> t4_ujLj>di ^t-u^La J l Cckj 4_il . 1/r^ £A j-u£o 4ojjLj>Jl 2 >^2 

• 4_u^^j i ^b jl>.^_j 1 3 t"u ^lc. i _I jl Jj3 (jl l_Luatjj dt i.u 

4_u!il^>dl ^ 5^JoLj_> 3 4_a=_pj (jy-& ^XoS' ij\j \(jl (jLojJl yA t kuAU Juu O_o I Jl4J 

jijv L frji—uoj (j^d! 4_^_>J1 (Vulj_>a ^L*J! uJ jaeJLl ^Lar t JL^j .(VG.ll^ I (ji_i Cr-^l 

. 4_t£.l_LuaJI Lj-tialjj, 



ISLuiSLdl- j/Vl 


> ^5«14 

THE LAW OF GRAVITY AND THE MOTION OF PLANETS 

4_a_olu>Ji Ci^LiS LcJlI^. 

4__ij]}L->iJl I>^3 JL_£j3 ^jPJI CjSjj— i-U JU 

Lft A i a. >J 1 4-3l-uiJJ ^ij-A J-- 0 1 J < t&C. UuuiLuJ 
,^£i j. A -3il 4 -L*l. C. l/U (Jji-B J-fiJ .^j^pLuJU 

PlLa juU ^ 4 l*?r r.J 

tj\ 3l .(6.14 Oj. i £—Coil 4_>.L_^_I]1 

t_jj >• 3^ 3 L.^.1—wJt 3 ) 1 4—p —*J! 

LAap ^-c^SLaJ! ^_gjpJI ^ JL^Iu-ul. 

(4j^_^J, 1 4JLjr-«Ji j -^pajVI J- 56 - 1 J—*—^ 4_L^_c. (jl 
4_3l—coil ^ Tjyj i - < j ^ \lr^ £-a <.* m lLH 
41 tt r. dJUj L-O-US \ . j. ,«■ a!1 




Earth 


^3 Lib 3li jjJu L a JlIu C . (6.14) JS Lu< 

^_ij^-_». t_P 4_^_jacJl_a fljyj 4jj_^__a 4 Lr- ».) 

^i_i^pt 4,-x 4_>-LogJl (JLo ^oyl\ ^_Lu_u 

^psjVl ^tla-uu 3 —t_» j_ 5 c_u \ $ t<_ >u g 4 -Lc_*j ^jL-Iu 
. (^<ui-u j ^»(Lpl 1 d-i L> jLu V!) 


1 //?g^ ^psjVt 4—>-1 a_l]i uA **■ 

4_3LuaJU p<a3 <■ 3 i 3_A /?g Cu >. 

^_p£>j ^fi 4_>-Lijj1 J^J-a 


4Lac_c. 4-gu-uiil lP dP^*^ g^u-uul. r^—3.84 x 10^ m j R g — 6.37 x 10^ m 4_c-g3 ^1 j- ^ - I L^L 

: ijr^ g 4l^x. ^Pj a M 


"m . ( 1/r w) 2 

/ X 2 

/6.37 X 10 6 m\ 

g (l//? £ f " 

— = 
U*f J 

(3.84 x 10 8 m j 


= 2.75 X 10 


-4 


4j3^ptl 4Ltx!l 

a M = ( 2.75 X lO^ 4 ) ( 9 .80 m/s 2 ) = 2.70 x 10~ 3 m/s 2 

J U (_p^j^l iy^ ^JLuu 43 j *-j$ Sys ^-^.-flii 4 jJ_£j_LI 4-1 ?c a11 ljLuusu ^p3_u ^13 

^_a_5Jl jiai T VkP* 5 >^J! ^ T = 2.36 x 10 6 s U ^ T= 27.32 days Orbital Period 

: ^,3 4^3^3-11 4HL?cx.j 2utr^j/T 4uji jJtl 4 Lj 3] *4jl Juq 4r>2jtrL aj 43 4£ L u .d 

_ ^ = (2 jtr M ITf = 4 n% = 4^ 2 (3.84 x 10 8 m) 

(2.36 x 10S) 2 


a M = 


3 2 9.80 m/s 

= 2.72 x 10 m/s « 


60 2 


JlLl 4-u3L>JI 4_L?cX. jpu3 j^paj^i jJU-3 L ^ uru j J3 6j-a 60 j IJL2xu ^psjVI JUt-U j-cjili 

{jjuJ I 4-4-Ullij 4 _^-ujJI 0j ut. ^IgJi ^jt ^-Lu-y jJul 1 1/60^ 431-*- “ XI liiij 

- ~ j " 

. 4_ujl_>Ji 3^3 1 ^_gjpi!I 4 _*u_lL> ^3 4_clj 4-Z2 ^.Laju i g ^aLt jrj <-»L /pI^LL lu-u! 


2UuibtH ijjim Jiajili 


S) 


lj-»- 1 •> C j-La (j4jf VI 4 » > ni a 0-tL£ Lgj|_J JjV jjLuJI iJJj (jl ^j-o (_yic. 

Zj£j-a jjlajVI 4ij£ (jl (jjj.u i _yajial jJi3 . (jisjVl i» Jlic. jOi«a. 41-y r, j»l3 LajJl£. 4 jlus_j (_£jJI 

^ 1 ^1 \ JUuj • I ' I > Cul£^l La£ 4 _ja.jL>JI a! 1.1 -wVI t _yic. jjjj (_pajVI I (jlsj^iil JL 3 4 j| (_gl, \jtyZj_* .Ur. 

(_PsjjL!I IjJk (jl CjLjI ij£-4J (JjoliJIj (Jj^sLalll ljLuia <^3 SjjljJI (JLir-VU (Japp U^*- ‘"'Ij* 1 - 

. I»L«JI i_!j->JI (jjjLflJ 4 <«j * U11 CjU-IVm t nVI Jl>.| Juiij i [sc^sejua 


iuJISJi jJLS 

4*l" < s J i"r I . ^4j_^jl jJt CjIjIjuU fj t iK all £jjjJI (j_jjl3 ya UJIjJI (j_jjl3 ^I ~ ~*.. „l ( j£LaJ 

4_u3LaUI 5^3 ^)l . 7.14 (JSLtoj (_^3 l_4^ ^^j-il3 ^)|3 _a Mg I g~ 1 1 ^3 juanill Ju Mp 

(jSUj .4 jjI3 (_y3 jjJU i_a£j£JI J. * a r . ’i 4 ^Uiill i tn^a'i jjej 4 g ~ a ci^Jt l i_^SL!l (_ylc ij ua Mill 4 U . „lj i 

. i_U>ULL! 2 /*” = TO! (jjliJI ij_Jjt3 j>ljar~ i nl 

;2"'" 



^jb T i 


GM s M p 


M p v 


r r 

2llrlT !^A U 4jj|jJ,l 4 x. jaJI o' C^P- 

(_yij La^ JjLuJI jjaaJI ^LubJ a£j II ^j^jJI 


GM„ 


(2:tr IT) 


Mp <al~£ u-(7.14) 

jjLL=l£. Ij— c .t—« oljl j—« 

Lu^23 3J>Lj 


T 2 = 


4^ 

GA/ 


r 3 = K/ 


(7.14) 




<]jU 1L. ^ U tj lIliIj Kj, 

4-ir 2 

GM, 


= 2.97 x l(r 19 s 2 /m 3 


oljijll £c-L^j CjLuI J^SLqjj 4_S^j5tJJ CuiliH 14.7 4JjsL«^o 

^yic. C -jjua Lull OjIj ^jt tU r*-^. a j, i ^-t.u.L>^JI c (i ts\ t ^J^Laj T LtlL>»i Ijl 

CjLjLJI jj^A 4-C. ^ -jCbS^- A (^ylc. [J, 2.14 jcXt^aj 7.14 4 JjL*_a 1 4jb^ 

ju I JJt m 4 JI CjI^ a ->ui.i . OjIj ji.L^ a j. j I ^ t 11 j .c^t ^2! 

l— aJlj-C. t<ll c Ais\ 4jj^jJI 4_Laj^li 4 —luI- 2..U ill 

<.-4 i a 7CJ J->“T jljLAfl 4J C ^ < tii-Ull Cxjlj ji JJlC. j. 4 2ll Jli-Xi (-u^l^SUI JlJV I jl JljO ^LlILC-VI 

. 4_ti^ (3^^ V! 4-irifC 31 JljIu_uLj 


nil! j jIj- V .U ^jjo OJirtl V jjjtj 2jj] ^ya fjX. La CjljljoO £_.}4>y (2) 

b/ct = 0.999 86 jIjJL I 3^1^ <.lu^aj ^Jj j^kII 33^ ‘ ^ ,j oa c>J >liu^ 

(J3^3 iSj3j - u n! l jj-Q 4 .t-j a i J I ^^5 Cjl^_j_*_ll(j jLl^. x r 3 j T 2 ^>U 4_i_taj 7.14 4 ]jL*^o (3) 

. it-> 5 a 3^5^^ ^Jfl4 




ISLwUjjlIIj tSLulSLill - *U^_uiJt 


u£»£ll 


eti ^ 


_*j (2*14) J#a 


4-U^i 

4— 

V 

5tU£II 

(kg) 

j-Lanll 

(m) 

6-4' 

tSjjaJI 

(S) 

JL«J 4^-u 

jj-c 

(m) » tTtti 

T 2 /r 3 

(s 2 /m 3 ) 

M entry 

3.18 x 10 23 

2.43 x 10 6 

7.60 x 10 6 

5.79 x 10 10 

2.97 X lO" 9 

Jailor 

Venus 

4.88 x 10 24 

6.06 x 10 6 

1.94 x 10 7 

1.08 x 10 n 

2.99 x 10- 19 

1 

Earth 

5.98 x 10 24 

6.37 x 10 6 

3.156 x 10 7 

1.496 X 10" 

2.97 x 10- 19 

i 

Mars 

6.42 X 10 23 

3.37 x 10 6 

5.94 x 10 7 

2.28 X 10" 

2.98 x HU 19 


Jupiter 

1.90 X 10 27 

6.99 X 10 7 

3.74 x 10 8 

7.78 X 10" 

2.97 x 10- 19 

'441 

Saturn 

5.68 x 10 26 

5.85 x 10 7 

9.35 x 10 s 

1.43 x 10 12 

2.99 x lO” 19 


Uranus 

8.68 x IQ 25 

2.33 x 10 7 

2.64 x 10 9 

2.87 x 10 12 

2.95 x 10“ i9 


Neptune 

1.03 x 10 26 

2.21 x 10 7 

5.22 X 10 9 

4.50 x !0 12 

2.99 x 10- 19 


Pluto 

= 1.4 x K) 22 

= 1.5 x 10 6 

7.82 x 10 9 

5.91 x 10 12 

2.96 x 10- 19 

^3^1, 

Moon 

7.36 x 10 22 

1.74 x 10 6 

- 

- 

~ 


Sun 

1.991 x 10 3 ° 

6.96 x 10 8 

- 

- 

- 



». 6l l 4_ L i S 4.14 Jli» 

T=3.156 x 10 7 s lJ 5 U^ 0 „ » A ll ^jLj 1—4 -lr . i—tfuJi 4_l u_ £ 

1.496 x 10*’m ^ a i5i11 q£l LaJUuJ 


^j{ J_>o 7. 14 4 J.}LljO ^I Jl jellt<rI j t 

_ 4jtV _ _ 4jt 2 (I.496 x 10 n m) 3 _ 

' " GI' 2 ~ (6.67 x 1CT 11 N-m 2 /kg 2 )(3.156 x 10 7 ,v) 2 

= 1.99 x 10 30 kg 

oU^JuitIl-4-ui Jlili IjlA ^faJxmV 4_ujL>Jl 3^23 ^.^Jxa t-La3.14 (Jlioo 

. (_yj-A Hi I 1 4_i3fi c_iLcuj>J 


Sun 


\ 



Keplers Secons 

B 

8.14 JS^i 


OH 


3L3 ( 


JUJ1 


JiUJ 4_aj^Ul <lxLajJ! OjILaJ! La Ju£l . 4jjL_uIlU oLjvI »..i.U 
4 .a iajjl Qj. ~t — lm J B 4 Lr>xi Ill A 4.La.d.L!l jj^ 9 

. D 4-LaJiiJI C 4-LxJaJ i i {j-a l JJa-HJ_3 ^‘vi 4-aj^Ui 


j-b2 c_.-i un.1 AjxIlA l -4^-»Lr 3-> 

Jt_sV iiU j J).fl -a- Zj 4jj a 

. B ,A (j\i \^a £-j. i..u\ D,C 


\ 12u^£ JauL3*j 

Law and Conservation of Angular Momentum 

lJ>3^ Mp (jl J. -uILc \ 

1^4£> ^ Li 4 ^ylc. ^IjLxi axl ]\ 

t^\c. 3j3ji,! 4_u!il_^>Ji o^ A .(8.14) 

UU41 4 jaeJt a jl JLLqI L<ui^ 

^jSLtxi [jj-£ ^Jb 1 . <4 ^ u.4.. Lm11 lj ] I 

4Jojuq 4ti joj 34_rtiij LajlLc . 14.9a 


(5TO) 



<s> 


ytjJf 

C_O.jJ.ij |_^j J t. J a. l , 1 C_t£j£L!1 (jjl l.d I J b> < -a • 

<_< uli Alrtiu i jj <jijj-^-L>s .9 —^$_oojal» 

J-Jj-3 {Jj3 4_-*_J jJUj ^^_<_*Iui.l ^- 1 j)t j_j-^ 

4.1n> aJ II ♦ j 1 <t5C.I I 4h-LM i^j l_t_« L*_±j>j J_Sj . 1994 

. Io 4J j o et Jl ^jL 1 ^1 Jj-i-uJI 




(a) 



(b) 


4_rtlu <UjjUJl 3^3 (<i) (9.14) 

L^-Lu (b) l ^a^a-) 4_j3tILo Jtl jJLai ^ic ^j..^ .~.tt ^c_s 

( _ 7 aJl 4—>.1—Mill ,Jj—>• ojlj^o (jr 2> jjJo 

i. Ji/ii ^ jLnu dt (3-^j (jr^ ^-Lxili i a ts\) 4 _rr .7*. a 1 ^ » Io3 i 

i/r = v^// j r 4^&xll ^j-A ^jj^Li.1 ^ 3 ^ 3 ^ ^~ > " bm- 6 


^lc. j-3j-U (jtjjjJI | a^_C.j 3^_i$ dcij 4 /' 4_BLi-u- 1 1 4-1 !_i L_^J JLt^i11 

r F i.~i_;■•>■ \jci^> ^L-uj S^SJI ‘LxSu i_j^jSL!I 
x = rxF = rxFr = 0 

u >( (19.11) 4j.}LjL/a (j_« jS jjj (olg.-a-jli <—ij-u3 (Jj^aLv 2.1 1 4-*_>.l_pi, ^Lj_>o .13 ) 

4_ojL>Jl oyh jjjl .X — dLldt 4j^ljJI 4_£^>JI 4_| j .J»") (Jjulas ^al i u ) 

. LojIj IjljJLo t_^^LU SLjljJI 4 j s£ -c-^^SUl OJu?o^ ty ‘*1 <~ili l^j 


L = rxp = rx M p v = M p r x v = constant 


(8.14) 


yz (j^£4l ^ J~t ,.,1,1 Gjjjuzjzj a 42is—>J ^1 JLaC (—(_^^JI 4^y>. . llulij IjIjlILo (3^3 L ^jl t tiJ'A . 

<J£Lia/ r j U./i11 < 3 t 4-j <-1 > 0 .4_JI_UI 4 i ... \ cjljl. i "i 4— 7r i *j)!l jt ului 11 ^jl . v ,r 

I r x dv I 4^.1 will < 3i 4_>.L^ui.l a>jlaj dt dA 4_j>. 1 ?»^ (14.9b) 


df dt l_4>j JLB 4_j_Loj ^4 ( ^j j 4^^_>. ^jj 


.(11.2 ^■ nrtll j^>.1j) Jr j r jjja jjjSLlt 
••^Vl (jlxj Jr = vJ/ 


J4i=4lrxJrl =ylrxvJ/l = 


L 


2M„ 


■dt 


2M„ 


dA 

dt 


= constant 


(9.14) 



ISLutSLdt-*Uj ^aS\ 


j-laJL c-t^^^LJ! ^Ji Q-‘ 1 ^ *“tl Cyz 4jatjll jJa3 t t^> i <jl £ <"■«« \ fU .^jLblj qIjJu2-4 , L Cu» 

. 4-jjL.uIt.a 4_iLaj d> 1^113 ^3 Aj^L-uIoo CjLvL*_u>3 

4-u3L>Ji £33 (jt jl ft C.V 4j^xlu (jy-A <j>3jl3 /JiLc-J 4 j *- .1 *1x 11 <jl lJ&^ju <jl ^ 4 -U ^-33 

J.L £ O-^J * IjIjiJLs 4jjLjJi 4 j.4^ 03^ 0* l? ~ A J Lajj Jlj tjr 4i^ . 4jj^ 5^3 (jr & 

. <iAJ4£ Cx-t-u-J ^ tt&C J--U^3 0_>l5> ^ij-i-u 4 j^£^-a 3^iL!l L$_i3 03^ V ^-L-OJ 


^a-3jj ^lr>.^ (JSLaf (>y lCr jlJ-4 5.14 JLi* 

<J3 13 (10. 14) ^JSLot (J 3 ~^ ^ LnB j! J^o ^3 l 1 !^_^i_Ilj /tl 4-Itlg £ tjr X-Liics j—4- 3 

( 10.14) ^JSwiIL ^3 P ajJLi LgJ 3^3 ^ ^f'lQCC Jl 4 _Lxuu ^ <i j. ti} ^lajVi ^Ji 3 —g-aII 3 -^ 43 1 . 1 . a a 

f^yJt P 4-Lla 111 j3c 1 j-a-dJt 4_c.^_i_u OulS ! jp3 . (&) 3 - 43 JL 1 L 4 ] 3-3>^3 CipOg€€ £3 VI ^.4.«<u 43L<.u.4 j -^?3 

S<3 JlIc. 4lii2.j_i-u Vp 


3 p 3 ^3 ^^IojV! ( 3 ^“ ^♦-t-i-j 343 £3 VI 4 La 2 .< Jjyjj *3^i-3a-->Ji 4L>a ) 34 .a.11 l1]^_7c-3j L/QJl-OI t 

3 . 4 -iiJ1 i^C- (Jj.X lI. 1 ^JJuuJij 4_c.j_txJi 4_3eILa ^.uSLr. 03^ 3 ^ aII Cr ^ 1 333* C 7 -^ I ^lajVl 4_uIiL»» ^ 3 -^ 4_jJv>_4 


v a « 



<^yd i 11 J—4_flJI jjJu S— ajJLc. ( 10 . 14 ) (^JSn Ui 

<a ^L) ^_la5 ljIc- jiwi—4 ^ Jj-^ 

^j} ^1 . LjjIj j) Jl 3^ <d 4^^JI 4 oa^ U3^ 

Llki P* a w-u a r « - WVp r p 


1 1 3 l \) I 1 n 1 l-v 10 J L t_i t_ La 3-^3 1 1 11' “ L) 3 SL 

JwiC. 4il^.i At 11 ^3^4 l) ^ J-^3^ 4^e_i7u . 4^^j>Ji 43 LL 33 

. >J 1 4La 3.) JlLc. ^j-A J 3 I ^ 3 VI 4l^.3j 

4_« lauJLj ^- 4 —oil 4—45^—4 j— 4 ^ 

Sj^LaJL* v « p j a 4>3U3.ill jj£. r x mv = mr x v 

^TajIjS) J_Ix. 4_£^)wX>JI 4 ^ 1 . 4 -^ ji J— a —a . T ^-L^- 

L p = mv p r p 3 L a = mu fl r a 


:(jl Jur>o CLulj jljuLo ^jjljJt 4 £j^>JI LlXa jj! 


mV a r a = «V/» 


tL, = —U, 



4 i^_a L)-^ 3^^^ ^33-^ 0^°3 ^ rt ^ ^ (3^3 1 —^ > 3^J 1 (—4^3^ ^a-a^U t— 




GRAVITATIONAL FIELD 2LuiL>JI JL** ^6.14 


- CijjuiS Jjs L$jV lj> L^Uo Q^lTlC I <^UJl <_j J ->JI /^C. 43j^_laj ^jlc. 1 Lc JlIc. 

Cj 1 j 1 Jxa i ^yj JLl / tCjLxjjJ.1 4_^j_>. al ^51! 4_j l\ x 11 C^joJiir 3 < n\ 1687 ^Ix. Jul/jj 

(Jj» j. $i L-j-x x^vll {jjz £_Lxj 1^31 ^>-«3 A3j_xj ♦ .* VI .oljxxi.1 ^ <11 

1 jl I^jUu £j\ gj>J < 3_^ 1 jJ^l_<_u3 JuLl ♦ ( 1 .5) ^S-j-uxJ! J-1U /jX. j3j3 3j_3i! 3 a 

« j\ tutu ioVl tjiA (J7 Jx- 4_jL».VI (j_4 -^Ib ^ i L*_a Lj^Xj ^ 

41 4Ju^Jo 3 ^Aj 3l_£ J_*_} 4-3 x-O ^ngj,] (jt 3J1 ^Lui^VI (yu ^3Qil J nil 33 

J> 

4j_j jL>Jl jJL*_a ^ ciA Lr^" ^^*-*-*-1 <.<i 3ZJt I Ju4> t(5-1) t {J ^ * 4_til~t -~^_a ^jUlIl I Jufc 

4l~>3 1 j_£i JlIc. w 4-lilt^ ^-ai->- L^ajijii .^L_Ja_3il 4-Ioj2j ^jJl gr&vit&tioncil field 

♦ ^«.L,>JI 3^_3j jjJj JL>JLI ^ji {^1 Fg — trig 3j_3j j3L3j ^m ->J 1 * g. 4_u3lx>JI (JL^q o^.^ 

c^jju g 4_ujL>JI JL?c-« ^3 


4_u3L>J1 JL?E-X3 


«.* 

m 


(10.14) 


j)l_i3xvl <<m u y j3Jj (jPit 4_u jL>Jl 3^3 ^jL-uj {.[ <3-i-3ll ^3 L<a 4 _Lx3j JuX. 4_u3L>Ji 
Ljjj^u3 jLlL>-I ^ xcv. Js( jt do^V .jLtivVl ^uujx 4i3^ (jr^- 4-<*j) ^»3 a 4 ]r\ 3 < 11 ^Ju4> JuX^ 

^-o-x>Jl iJL>JU Jlie-J ^_co_x>JI (_yj 4 <^ijj .4_uiLx>Jl jLxfe —c (31-^-^ (jr^ <3Lr>J.I 

^jlSLxsl 4 3j3.-v- ^Jj.14 IaX; l_5jj_u 1 1 <; 1 <i->. C< L^jI 0^ ^!) J 1 ‘<^»U 

4jj^ (j ;m 3 ij JL>JU t 3 ^ 1 ^ > (jj 1 <ijj . (1 ^ 'i C. jl />-—a jlxacjl i—3Ju^j 

. 4 Jr. 3j-3Jl j!jl3^j q <u 3ij jL>J»i ^ < < 1 ^ 


jx>-i 4ts jla/i« w-> 1 3 ^° 133^/u 4 _u 3L>JI ^j^3 4 t^Vu> a 3^4 j-pG 4 _ujL>J1 3^ 3 ] 

4 JVJu <U «tsj "wtl ^1 i>t3H / jr lc 4J1_>J! C>JJb /jr^) ^■ < -‘ l ^ ^V 3*-^! <■ hu~i) {_ySzjL$ . (^* A - 4 «u .. -> Jl 

- 1 «>> All |jj5) Lq 3 ^-^ c_ 7 ^ j3*t JL>-i3^ L«a, 1 <r *$GJI 

4_oIiL>Jl 3^ ^jV Ij-laj ^ki.n m 4~1"^ 1 ^u-v {_pa^3j . JL>JLl 4j3.i\ J 

j^j-° Cy 3 ^ 4_b1 1 u a Lc g JUU.1 (4.14 4_!jxv.lj) GM gtn/r^ ^<«->J1 cr^ ^hJ41 


F g 

g s — = 

m 


-m e g. 


(11.14) 


3^jj > _Io.j ^/jju LoJlIc. L^j t In a. ^>4,1 ^1 i3v3ll ^Jlx j-3Jj 3^£ls 13jiC. tii I tfJJfc ^Ji J^JU (-3^—t-o (4) 

»39 yjLdl 4_u 3L>J1 (^C. (jrt ~l I nj t f 




ISLotSLjit-JiVUjjcJI) * 


JL^vll (jt Cp-u <JUJI SjLi^tj 1 tj^A £jii »21 ^1 j...u~±±j 4_?eILa 3 f Cu> 

<J^>~ 4.^1" ~>d,\ jJr. ^JU>JLi CjI 4 ~t~a ^jl 1 1 . 14.8. t JSLxlJl 3 -^ ^ *> ^ 

~iH JL^JLl gcJU «SjA c_j^_oJIj £j> -t « 4_J>-Li^_o ,^,3 . £>l_>oVi 2 jt J_il,i Cxj. > ■ ^ya cxdu_L3 

jJx. ^ 1 jJxTl. u*i M-l <L>JLuO 11.14 LI jL*UO . 1 1.1 4. b L jSL-Ju SjA l_Uj>Ji!l dutj g t(jLm! 

g j\ jJla J‘ = 1 U JLlC . (j! ^L-WO ^jLX ■ ki .? i U 

.9.8 N/kg ^L^u 


\ 




- i - 

/ f \ 

t 

t 


S 


/ 


\ 


\ 


1 I 111! 

mm 


(a) 


d>) 


ii< -Q> jyi i. JlLa <L»loTt is o L^jf> 4jjf> (\>3 v_j^2JLi 4_u jL>J! 4_^Lo (cl) (11 .14) J.^ 0 / 

L»uj9j .jJLp^-U Ij-A. ftj LbfcjJi ol^jr xll vXLtu ^3Lluj j \JLdll 

4_ujL>Ji JL^CvO 4syua (fc>) .£j 3^JU Iju:fc ,_ r B^>J! da^JLiaJt 4_beX, 4.aui3 1^1 Jtlc ^JLskII 4^tILc 

. jlwLaJU^ ^ya L»la~ilxi {j^J ^Lxjjj t_>^B 3 j_jjuuo 4jiLai» i _ y B 

5LuiL>Ji \7J4 


GRAVITATIONAL POTENTIAL ENERGY 

^-xLd^j 4j^T<aU 4_^LLxI1 .<LubL>J1 JL*ijq ^3 ^-x.u-~>J £_x3^J1 LbLL I 1 U 3 I ^lii! ujLJ! 

Lq JljX. iLdB U ~ fllgy '-‘.i 4 _ubI_j>J 1 jJL^o ^^^,3 ^JbLL 4ilj jjt l_Lu J3j ♦ ^ -v 

ij \J <-ujL>Jl 5j 3 (ji Cjj> • LjjLj IjijLo-x 4_i_oL>JI 3j 3 Cxa ->. 1ft iui Llj^3 ^ 53 ^ 

(-Jjs2JLj ^IjuLo Ju3 j4x^j 4jij .j-uojJl 43l_LJ Loir. Li J LuLb. 1//'^ ^jJlIu ^-Jlxj ^ 4 ^ 

. U = tngy LijJi ^jr. Hi jjLLo Ls^liL>.i 4 _jIL^q q^u-lu^ ^L.i u 

0 j3 ^ji Vjl L3j_txf t4_j_>jL>JI jJL^o ur 3 j-usjJI LbUo LtjJ 4-oL*J! LJL>J1 c. <ctJ {j! 

jj. *v> ^-Ir. 4 I 4 . O ^jji (Jt <.“ill <jl-£ Iji 4-La_i j^wQ 0.5^ 8.2 ^JU ^ Lo^x 2 4_ujL>J} 

i^B ^j! Vjl JL^Jj l3j^xi uLUb (J.« 0-i ^jy^l £j 2 t!L ^4Ji jLxuXl ^ j^Ulnli t (^i 



2LuilaJt xjIjJI 1 


3zD 



y& 4j)2^2t 3^-3il . 4j^_5^/3 3 ^Js t _ 7 _tii 4 _u3Lj>JI 

. r t _ ;r JUi . v 4 It j La>jla 2 a j iC-uii) jSsj-a 


3-^3 Q (jrJj P y 2 y*y y i u y (12.14) 

- 3 ~-^- 1 ^ $ 3 - ~i a . K £ 3 -% 3 —uL3 Cj-><J 

0 L 1 Ija^It ^V 3 *2^u^Ls jL-uji 
1 o_l>- 

_^Lc*21 (jr-^ ^ 2_9-^"21 2* 1 3 a i£3^ UM ^ 


r f 


^jljLa>3 jjy-i^- 2a33 JocILa-jj 


F(r) 43 ^L*JIj l^i-Axu (jixu 4jj2j21 3j) 3!i ^3 y aj 
ij^y ^-lU- v Jl ^Jl <_£udV 1 4 t~l <1 > Jyd 4j*lTo 4_^U4 3 JL>-^ 

. 12.14 J£A<>» 

(jy-ic u£i^tlu ^-ajw (jy-lr: ^3^3 4 j j£ya 3^3 4_!L>- 

.(12.14) L^2 Q ^Jl P jl^ jIjlI^I 

3_L J i n 41 -~> 4 i jj —<aj j2^wQ-j Q P (y* —<211 

^xjjy (12.14) JS2i tjr 3 .4_JLoii 4-4j^.LnlJ 1 3.t.W> £j\ j)F->J1 
4i.ull ^3 wedges ^.p^l oLl2_^V1 ya 
4 j ^jU>Jl j^jl_>J! . 12.14 ^Jfv.Ji jJT 3 4F.3U1 uL>j F>->JL) 
tj^ 2b y*- 3^Lui (i^3< i, \ £-4 -^) cj Li_l4-i_uV i 4_c.^i_>2 

^ 1^ 3j I is~\ 3 11 4_1 jlmi] I 2dJ Li -». 11 4_C, 3 -tj-^Z—G yO 

<—4^221 jut. ^_l. 3 J 1 I />uL_u! ^^-Luail jl*_JI jLlitj (^JSLciJl L^-^J) 

cAS^l y* 4_L_ttL_oj ^ 1 la 11 jL_u_Ll u y-i 233 juu . ( _ r L*_flJl <<\ m ->J1 jLcu-^ ^a ^L>1 3~o y 3 < u^U «~iU 

3j-3Ji tciujh 3Lul\ yz . j^j. t-w? 11 2 dj>J 1 (^7-^- Jj-l 3 Ct^ 1 ^! ^>^41 iTl 4 j->.I 1 

^Jx. F 3^_aJI 4.1a^l^j JjJlJLI Jit_jJ! t4 j j. Id3J1 Cj1_c:LLd_3JI Jl^v.1 j!JuLol ^lr. L^_j!J 4_^_3j 4£)^j_I,1 

:4_jj.,l->311 CjLlI ln3ll ya ^l ^ijCL^t 

dW = F- rfr = F(r) dr 

. y-H. x^o mj 4_3.1j^?l 4 d^j a C. 3j_-£ 4U<J^j JjJudLl (Ja-HiJI . c_3 «3 H y* 4jf y£jJa j 2 

udJb Jil jCLqI Ljr hl 4_d-I jVI ijy ic 3joal JuLa F ^jV j a i<~> ^jLciu ^I ^J-C- 4_^j__>JI JjJloII Jjl-cIJI 
oLx.LLxall J u ILa l 4_C-^ 4-2yz F 3^_3J1 4JL2u_wIj_j ^JjJlJLI ^ylfLll ^J«-cuJl . oLUdcJlII 

. 4 y t-s si 1 1 

rf 


IV = fj F(r) dr 


4ii^ 4jjL_*JLl cJJti (jl O t ^L^Ul £_ud^JIj ^y\ JlIuVI ^1 j J ^ f 3 * 

J* <3ill . rj? 4_jjL^lIi 1 o j 4 j rj 4_j2IjJuVI r 4 ^ j 4 (JT i c - ^3 4 j_3j (J^ISjlII I jjt . t U3 4 l->311 

^ ^L-cic i \ ^lr ju-tAj ^J^wA—21 1 tr< i ~>- O (_t^I F <■<» ^ ^ 1 1—<-u_L<3 jJ^,ju21 

Lu^Lcd . 4^> yks^-a ij^3 4jtySyA 3^ c^l (jl l ~ ‘ 11 1 *2113 . 4jL^_l11^ 4j1 Jl_21 y\n.cs 2o3L4 

.4j}Zj1\ 3^3J1 jJSLlIi JuJcDO 1 4^12d 4Jlj ^jl ya j2L«» 


I SL ^Uj jlij ISLulSLdf - JjVf 



QJL\P CjAm 4 ^ 

. 12.14 4 j_jbuL Liila 


[ja.UC. ( 13 . 14 ) {JSLfcZf 

(^-iia^Jl 4311a) ^Jbuji 


4_jJL_uii 4_4_ujjl <Ul ^^JlC. • 4 Ixxa 4j>-IjV x^.ll £_l 3^Jl <3 LLd ^3 £j\ 2.8 4JjsL*_o jJu 

4-a^ljVl ^Lul 4 _u jl_>JI 3^3 4_La_d_ul^j (Jjl2uU 

A(/ = U f - U, = -j' 7 F(r) dr ( 12 . 14 ) 

£-x3^Ji 43LLa 4jac_pjJt &JJt> 11 1\ xjj 

^_4_aJ>xi (13.14) (3^2.q ^ 1 ^lIqau (3 .3^ 3 ^ 4 xb£ L-4 -lil>- ! 

(^jjb L3j-3J! 0juk /^c. J»-* »-> <jl . 1.14 4jJ jIjl> 3 tjr 3 SlLutil 4 _ij jL>Ji 3 ^3 j-uLj 


F(r) = 


GM E m 


4J_}L*JU c>ju£ {jja F(r) j!j_i^_j .<__ijo- 3^3 3j3il 4__JL_qJi 3jl2u^lj 

43 Ho j..x«.ii I cjLuuk \ i ;< -cj (12.14) 


t// - U^GM^fJ*- GM e 


1 


rf 


(^’ ^ ^ ^ {/ f - t/ ; = -GM F ™ - - - i 


( 1 
‘*X, 


(13.14) 


n 

7 r J 

4_LxixJi jLxit^ SjLn ^ ^jl Ci rv 1 j-A I ^Ji 4-31 In 1 4-L^3 j ^LxIL> 4 L-c^ 

tf 

: 4-JliII 4^1^11 4j3t_uiii i r• — °C jJ-C. £/j — 0 Jl>*Li I j. i i .o 3jJij| (jjij i—-,j>. 4-uus.^JU 


G = 


GM E m 


(14.14) 


j.L.lx. Li r 43 i lm. a t — 4 ^—** * “ -> 4l_g L>^ 03^1’^ b «H ^.,1 jr~L.t aj <bLjtJ,l ajutj 

gJl«-~i u r < /?£ 1 ^3 oj&* tjr^^ SJL^JI) r < c^ia- (jisjVi V (_j-a_j r ^ /?£■ (jl 

(14.14) 11^.(14.14) JSLA iJL« U$b uj£s f/ SJIjJI <G ( - UjLai-V 4^_j ( 10.14(^21! ^ 

43 II 0 jjl (^yLa t«i->. L^al Juir~i i nl (jSbf pni'sll £y> d—ajb 4. i’.t " <~i ml 

: l _ r A r 43l.«<ij 1 w?2, m j 1 oTi^ ^yn 4o>.l i/->U 

U w GM \ n h (15.14) 


<™D 


A_U ilbtJ I 


Cs> 


Earth 


■ 

! «a- 

° 


GA^- m 

1/ 

«A 



4jfcUJt Cx'-ti (14.14) (j £m 
r 43 Leal! (J £jud^ 1I 43tis 

(Jaoj 4^LL> ^ lai 

cr 1 ! r I- a *^c- J-a-“> u- 1 ! 

. 4jL^1^L<3 



(j_>a ^Jl 43 LL (jl (j-ulj ^-i jul-IJI 1 jla> a 

2 

01 Lo_£ . 1// £->3 L-.x lajLIIu 1 ■ Aj-.^I.O 411 L. .gJLn 1//* £_<0 Ua lu! « ■ ‘ 
U > i'i r. 1 Lu! 4_sjl_>- 3j_dJi (jV t—dL LAi jl jlJLio £_lojJ 1 4_.^ll. 

(jA_$ i-u—>Ji O'—* 4—si lajJLI (jj^Jj 1 AjJic. \j— a us £_lU3jJI 4—‘U l • 

(Jja Sja j~i V *<-j3L>u 5^3 ^Lao»VI (j\_> 3^2J! (jl <-«y»»* •< 

(jVJ 4_l ,un l—iJ \ 4—jsL aaJLI JLjjj ijr^ (J-^i—£• 4_lsu-oljJ (_)•* «•• 

C4J—(_ 7 ->.jLj>Ji J_*UJf 4 lj.< afi^J JjJL-JlU . (j l 4 — l 4 i^ -K M 

U (jl l£ 1 0 n a a-u->J 1 jlcLoj jlj L<d£ 4311^ ^3 *>jtl 1, 

.t jlj 4 _uJL-o jJ*\i 

r 4jg L t.u-4 J (jl Jl J L O-JJ J py^ 1 “ 4dt->« (j^ (j L x^-u. - L JV (j^d LaJuIc. 

(jr Lc tjjL-uu 4_bIL> u U *j {jr ^jLJ%. J-4I—C 45-^3 

.4jL^VUs ^jj iu >JI (>u J*^dj [+G m^m^\\ J3 VI 

-^ic *_uojJl 43 Had 4j?.l ia.lt. 1 4. ■<; j-.rtll (^^3 1 (jl ^M-XI (j-* 0-4 

(j-4 4_3l_L> (jr^- (J^ua ijl_3 <^Liadl daa^JI 4J-3 L-^il 

Ops Binding energy daj^JI 43tla ^ j-l£\ ^jUkII jjl^U 

(j^-> L^JaLc. 4_^_>- 4_bLLs ^Jj (Jj^tuTu 1 IS < 11 3ju[yJl 4_0ll•> 11 

. 4jL&!) VU! JU£. Qjl 0^- 


1 £Jjl 3 1 oMij IjLA ^-4-JU (jl 

<a^ iuaj L^3 (_^-^ 4-»^IrtI^n 4-iKJl £_±is^Jl 4_^LLs 4JL.-V, 

.(jl jl>o 15.14 ^j^Luu L<^ cj! <m.« iu>. 3 ^ Ua 11 L> (jl£^J ji!iA3 . 15.14 ^JjLslI. 


a 


total 


= U n + U\t_ + f/}-* = — G 


M3 


23 


m x m 2 + m 1 m 3 ^ m 2 m 3 


M2 


M3 


(16.14) 


r 23 / 


. 4_ufcLZLc C-ilj L. ii4 : CjLs 3 >aa->J1 (^4 V3 lkl! (JJi-tlJl (JlLc-J U total 4^11^11 4.^j^ll ^ 

^112l5tlr» (^jjJu3\ 6.14 Jtl* 

IlIA (^3 4j 1 (jia . Ay $2 4-3 Ll 4 c. Li—jpa ^ i C. 1 (jyd] <—3 Jl3 Y)\ 4_xlH^ ^ ■* JX 3~ 

(_jJj (13. 14) 4 — ijr ^ dUa_*_ti juojJI 4 jsl lo (^,3 j-j— t ~tIf 4_aL_*Ji 4 3jl_*it (Jj) rr ~"t 

AU= mg Ay 43M*h 


£- a 3 zsc j 4_ujL>Jl (^^3 (jl 4—uj^-^-dl 4 O >J 1 (j_a ^_xi3 CIj Lq_lj_uj>J 1 (JSd £_u^>jJl 43LL> Jj Jo- ^a> (jl^-xil ( ' I 

.superposition principle <_£!^pJI ijul 




tSuilSatf- 'JjVujaJQ 


/i n 


^ 13 14.13 3jL3 (2_>SLc-j i 

Uf - ^ 


il- 1 = - 1 

l r / n) \ Vf ) 

iFj.—r^—Ay lu jl_Lc i j_Li_»_u t j^a 3 f* >ii..TtJLl —g_LH (^^tjuLLiVt l>LK Uj 


^j-uu 4^LL> j.-l«~11 lp] ( t _pojVl J^^-4 jju/Loj r ) r i T f~^E 

. ., GM.m 
AU ~ - - I -Ay = mg Ay 

'V: 

^ A ill 4 jj1 ,lL>- 1 4_L3t3.^Jll ^j^jlIu jji • 5.14 <J^Ljl 4 ^^>5 g = GMgIRg- o 

U j-A j-JsjJi 4^Uo 


2 U-cLUaJl jUSVlj t—t£lI^SJt ^3 2 3l Wll ljIjLu-CI 

ENERGY CONSIDERATIONS IN PLANETRY AND SATELLITE MOTIONS 

{j^a 33 j h4 »m M 4XLK tjf-A c-j^oJLj d 4x.j-4.oj Liij^toj m <GlK ^uo> aJU- jl%- 

3j^_} ^—LuiU (_<_J JuA jl *{_p3jVI (JjXV. jljuO J_^3 (J pJj-^3* ^X SjLxX. ^ 11 \j. 11 

a^lLJl M JlIx t^jj) x^>4 jLL>! (j^>^-u 4JU- A7 4LJlK ^.<o«.>Jl Ljj-pX .1 Ijj . ^1 a io 1 ! 

4Kjx>JI aJsLL ^j_>jxac_a F £ \ t ) \ U 3 ix ^ll^lU (j-u^LU ^ ,q. *xo^r 11 /i 4..jl < CIl 4_KLuU_dLl 

(^ .(15.14) 4 J 3 I t 1 7i iV> ^ Haxil 43lbj 171 4liiK ^ ult .U 


E = K + u 


E = , j| m ir - 


GMm 


(17,14) 


4_jI VI X) jljl n.o ^ix t^L^ T t X. l lj ^ i<r* j.im ji 4 ^j>. j_4 ji 4_JL*_t; Ji_£ 4J3l_*i,l i>J-Aa 

LI > 0 jji LuLojI J^ LuV^x, ioj E (jo^ (jlj JoV 4Jlj <J^xjIj_j_>q 

.r -» 00 4 jL^ >Ui r UK 


JW j_lX1 


f ,U^ 


Ui_cuooit ijUfc ^jt C/ jXj J-Jr ^^^ ^ 4^LLa Lil^Ai 33 Lul <JajvV-J 33 (6) 

<jt jj Cj_jIj ^—<oo>JI Js .11 jSj—a (jV fj—Ibu 3- :;t - J U2—toJ 171 <0— 1* 1 ^ 

, 2 t M 2 2 m ,, * 

2 " M fV£ — T~~ X/ — ~ La p3o>5 43lia iiiSv.*} {3 d VI /j ji /WTJ —A I p\7 n 

M e M e ' ‘xx 

. L^JUa] {^Uaj {_pDjV-J 43lio {jl 4^t-u-til <?J3 XL>*V ^jKj ^ 1 ns *-11 4^>J! A 3 U 1 D lc X-p- 

jjIdjVI (Jj^ 34 ^^3 jjJU i (Jj_>- JJ3J t ^.oxi all I 3 A 4ji3J 4JUVI {j^s (7) 

(Jj>- 5jj3 J_$3J i—tjjJ,! Lai .{jlsjVl jIjjscj j 3 n 11 j {joA-<oJI i—olrt-i {JULa-o {_pDj^/i . aXcuIjILo l ola i j- p . « J 

** / 

{j! U-U JlU ^jJcilLcuJ Ij] . L^xa Uajlj3^o ju jl 4 j I V] {JpO^_3iJL> Oy-C jjL3j 33 ^uXlL^ . tFuljJLa ^LUu.{jo-J {_yix3aJI 

. 4jU V La {j^a-tToJl {jc. l-LiitJ 


(m) 


xjmC. jjunfltt 


■' 



^ < *l >- jji ^1 I\lll 4 1 < ti <Uj E< 0 jl Cfl-U jl LjSLa i *) 

<_^ Uil M.»m 4,~.1~< p...-w J^>. ^_>jb jIjl^o Jo, m -i .1. 

[jl JL>o 171 42124 1 1 >4 [^jIjJ! [jj^u jjjlj jj-2 < wLj 14. I (> ( 1’ 

GMtn 


mv 


= tna = 


r /' 

: ( _ 7 jV 1 [_,lf jjaxsj 2 [__,lf. 4 <i t.iSlLj r l _ 7 ^ jjjJall i_) 


; mv = 


—i in 4~i'~4 14.16 

j-^4l J>->- j>4j jIj—« j9 

, M 4~il~i c C j, 441 42a 


GMm 
2 r 


(18.14) 


£ = 


17.14 [>14.18 J5U(. 

GMm GMm 
r 


[_£jjl_s jljJL 4 jK 11 4^Uejl 


E - - 


2 r 

GMm 
2 r 


(19.14) 


. jljJLI 4_1L>. a JL_jj jl J a .a 4_aiSJl 4 _j£LuI£Ll 11 4_^llaJl jl : j 2 - ' I''' a-J (jLjLj 4_ a- l j . "wt l 

E jit-itl jl4 _SLLiJ [jit-'1.1 jla_Sil < *■ -><(_gjl_aujj 4_^>.^_a d u*( 4jLL jl. 1 < • 

[^l jl "1"^ 11 ^llS/il Lt« * jl I_ iSK-1 4^1^11 j^3 jjJiil ljui j^l J^jJl 4jLL [_s 4 . . 

jJ^lSJI jl Jua 3JL>- (_ T S . 4_i_)La l_4ajI j_j52 4 jK 11 4.jt j iKj 11 42sll*]lj . Ls-g-4^ t > (jc. jj.l >~ > z 4jL<j < ,\M 

-L.V- >■''■’ 

t gjuaJ jljjlaJ K Jjla-I (19.14) 4_B^l_*Jt .j nfM [^jfc (^ya^LiJl jl-i a 11 jljJ. E ^ t-ia" [jil! 4JajL*ll.t 

jl t^l • jjjJ^a j=4 t-wll jl llj jtr.l ljj (dulti jlj-La 4_iKLll 4ilUl i±Uj ^1\ djliaaVL) . O jja^l j^>4! , 1 .■ 
4 .,j.K 11 4_5LLitl . (13.14) J\ [^j 1 ^ 4t->alll [^l £ 4 j 111 j_^ 4 “ i I’ l il 1 •! 1 ■* 

: (_,Ln*j (17.14) 4J ■( ■' , ,1 

/ ' A 1 /- ’ A .f.. 

.2 


E = \mvf - 


GMm , ? GMm 

-= \mv f - - 

r i r f 


(20.14) 


Jljo t4j^ljJI 4^2 _j>J1 4 j rt 4 ( tSfl [jc. (>Lu«oj 4 jl j i..) La [_yjl 4 alt-.ll ^t-'a-v j^- ;j^41 1 Jufc 4 bLi. ->1 i 
ja jlj j~~’» ' (_oUo 4laj j lag ij ' jA a < »->■ j^5 ^LLaJj 4olSLll 4j^ljJl 4^2^>J1 4oa^j 4J . l 5 t . l l 4 b 11^11 j'.1' 


.4^^I1 . 


.^y^ l ur-> j^3jl %7.14 JL* * 

c4 a"jl f^lc. jl jLa [_^fl jj^4 LaJUC 470 kg 4,212-4 LliVLtaaj^L! 1 J r l 1 </-> 1^-a °) j 1 tlj ^yjl all Lit u‘. 11 

4^2-3- ^_a j-al jJLa jl JUts ^5 4 . .IV*. j. a all 1c. 4j --^.jjl-iaa 4j I . m j^4 - 1 SI I 1 111 

1 g it-.*" jl u^4tj [_^lt!l 4^llaJl jj£3 .[_pajVl ta i ii [jyl^- jijt—4 jj4 1 alxa ^.aall 4 _lB jl * t .It. 






I SLx Lu Jjtj t SL ul S L Xl - jyVtgjjtii) f 




odB JLju ^^pajVI 4_5>j>_>- £->a / wol jJxil jl jJJ jJa3 i aj*\) t-^. aal£ jt Vjl i 


^£f JL»>ij (jlj _LiV 7 jlj—Jl tj^y}\ . £jlj—4 Lr^J—*■ ^ £^31 Cr^ 4_^ 1 Ut i 

3^o VI 4__»3 t-fllj ^jJi CLx3^JI jjf.UA a j ^^3 ^p^jVI 3jj_> (j^LLuaJI ^ a.rtll t 86400 S 
ju>o (j^4 ( 7.14 <]jLsu> 3 ) 4£^_stJJ oiliil j» .1 J< ^ j^t T u<.a Lb^-c I jl . Li.j^tvo 

Kp — 9.89 x 10 ^ s 2 /m 3 —l^j ^—kj Kp~ Ait^/GMg jij—31L K s —>.L j L.311 c_3_ uz u 

_ r 2 = K E /- 3 _j 


r - 3 


= 3 


(86 400 s) 2 


V*E 


9.89 x 10^ 14 ^ 2 / m 


3 =4.23 x 10'm = /?, 


^£.1 LuaJI j. *-3Jl jljt_l ^4.33 ^Vl ^>-0-4) <^31 jJbVI j-La3JI trti.ru ujLhi'v 1 *3u1 

j-Aj dJ^JLI JljjV ^jlf* LsJulC. 

R e + 280 Km = 6.65 x 10 6 m = R { 

.4_uL^jlHj 4uj!jClj 5H <LalS4! 45LL3JI ' *3 & Jlc. (19.14) 4JjL*_« ^ i.-<1 
GM E m 


E. - 


2 R; 


_, GM F m 

Er --£— 

7 2R t 


Engine = £ / “ E i = “ 


rtjt Jus ^3 j^JUI <U VI ^3a3 ijy £J 4_<aj^UI 43LLx!i 

GM E m ( 1_1_\ 

2 (*,■>.] 


(6.67 x 10'" N • m 2 / kg 2 ) (5.98 x 10 24 kg) (470 kg) 


1 


1 


_ _\ = 1 19 x 10 lo I 

4.23 x 10 7 m 6.65 x 10 6 m/ 

(NASA) <uS4^>aVl ?.Lt3xaJI 3Jl£j {jr ^jSL^A .<j\JjjL>JI ^^4 89 galon 4 ^ L>»j L» JjLu 43 LLJI ^jukj 

I SJt> 4_i_<ju_3c-i ^aJ(/a 3^3 La Sic. <:Ll3l 3JI 4l3^ ^-laj ^jLi^.toJI ijr 3 

j. h -L~J 1 (18.14) 4jjL*>>a 4jf Jlj>u . JL*3LJjI Juu 4^UaJI fjjJj (juu jt Uj>ji 131 
yi .(pi^ a ) AK= ( GM E ml2)( 1 /R f - \/R t ) = - 1.19 x 10 IO J 3^»JI ^Li= 

A U = -GM E m (UR f -UR i )= 2.38 x 10 10 J (SjL}) <U>L4! 

A E — AK + A U — 1.19 X 10^®J j-a Kill suSLolSLJ.) SJsliaJ! ( _ r a j_jjuJI pjl 

4^liaJI 3_iLj 41r. ^3_u J^JL» ", 3Ll . 1 3_>l_«_u L^—Jl ijT lJI 4 tt j, 31!I 

LuU 4>^j^>Ji SJsLL ^3 ( j^i2.u Lj*i3 a (j.5^- 1 43L1 o ^J3 3jL}JI (jV .^Ua-xil <uKJi 4 j^L)1^-JJ 

. jIJlII ^LdJjl jlj ^j-3j J -«a-^-lj 4c^ai £)l ^3 x3ui> 



4ujjL?c 1I t I 


Cs) 



Jsj^ m 4 *il~ <, pm .■>■ (17.14) (JSLui 

4-C.J-1M1 . ( _yoj^\ ^ t-> . .. Cy> J-C.I J! 
h •' u i.n^ 'U ? - 4_o' jOj 


Escape Speed 2uJjVI 2 Lu 4L»JI JMaV i Ju_ ,,, 

LlJ} 4 O (jIojVI ^0. ' ■■ 1 ^ ^ /?Z 4.“<l'i^ jjt •*' 

.(17.14) J<<“t ^. .~>^4 1 <;7 Uj- 4 _u1jljjI 4q^ tit i ^ t L i, 15 

4_ul JouVi 40 j i n U jJl 9 (3^1 JL>iJ 4 ~41 ti tl CiljLuX.1 ^.i it.' t 

.^)4SjVl 4_ujLa. (J7^4 p t tt >J 1 . I . - 

.4_Li^u ^I jLi£. p .u >J 4 jK?l 4^liaJl (17.14) 4 J 3 I •■» 
p.u,>JI L_4 juui r r- =R E j "u — ^4i.•* 1 ■ 

4^LLJI (jV IjJij r-rj-r max j d = ry =0 ^Lajjl L7 1. I .. 11 

41jU_ 4 Ji jl j "Vi Ji lillj JLi-Oj .0-1 Ij jloi-.i •> .1' I* 

' -.^1 yifi. (70 I h 


GM E m _ 

/?* "' 


GM E m 


vf = 2GM, 


Rr 


Ji^-i-n- iD ; ~ iljUll (J.-* 

(21.14) 


/l ^LdJjl ^o^lx 1 0J-& jJr..4i-L<l j^ujJ 4-3jjuucj 4_ol JujVI 4L£jujJI Culii Ijj L ) 4 


h = r max ~ R E 


1 ^ _ilr. {J is* Ttj jl j_£_$u 4_cj_u_u .O^ludVI 4 _c.j_ou uj! <« ■>. j>i 1 i?\ x; s £-tb>j jVl j-* 1 

2j-a ^^yjVI JL 7N.fi I Jl_$_s Io ]VLsj . 4 j. x^jVI 4 ._ij j 1_>Ji jk-ijLj ^ VI ^ jJ r ^ -.. 

Lu^ ylfli . ^yLuaJ I ^Jl L_u^_nj ‘^ClC.j^m Juii ^pDjVl ^jX. 1 Juj u 4u^y>- 4* 

(jM = o ei( . Uo^lj (21.14) 4 JjL^ Ji r max * - 


Cj^LbVI 4x^ytu 


2GMfr 


R* 


(22.14) 


i^j 4_jjLu^oil 4u^jJ,l t 4 Jj£ JubbuV ^L->tj ^IxJ! 4^^L»il aJJt Jb ^ J 

. *1^4iI 4usjl^a ^J 4 glj i4r.j_i.ujl i?L>ul ^lr. ibijZuV 4uas_ujjl jl cuU. ^Jl JlLa Cj^L^VI *1 

. Ij>4.xo ^jL_tu 4ui£JI 413Uo iOM^Vl 4 xjui t D esc ^jLx^u 4aul JujI 4x.j_i_u uuiu^I I il 

, \jJu^ ^.uaJeJB j-udjJI 4£lIoj 4 j^juk]I 45llajl ^ 1 i uj T >0 ° i-jjZLoj LaJUxB eill j 4i^v*^l o , 1 

ujjuxj Lo JuX. 4^ju>Jl 42 Uo jbt»_) ^u-uJteJJ jj, a jujj jx.i^3 jja juS 1 4-iiSLll 4sLLaJI jj£u 1)1 > 1 * >1 

.r —> go f 



ISLwUj Jillj I SLj j SUlt - (JjVl <:J.aJI) & l X .%H 




^jjLuaJ Cj^UjVI 8.14 (Jlx4 

t 5000 kg [ ^ t05 4_ui_Lca_S 4_t£^j2L ya Cj^L^5/I 4_£j— uj i _l^u^.1 

4_ujL>. Sys ota" ^ La * ■■ JU£. I ^ u 


:')l 


t>e.sc = 


O 


: 22.14 4J^LlA ^1 J^a-~ ( rijj I 

2GM e 

i * £ - 

[2(6.67 x 1Q-" N-m 2 /kg 2 )(5.98 x 10 24 kg) 

~ V 6.37 x Hk'ni 

= 1.12 x 10 4 m/s 


25000 mi/h JjLu U ^ 


4_i£jJU 4jsl_L> 

AT = |/«u c 2 st . = 1(500 x 10 3 kg) (1.12 x 10 4 m/s) 2 
= 3.14 x 10"J 

*crOjjL>Jl 2300 giil J.ibu La 


4x.jwuu 4_xl_C 4 ais\y . {JJ I 4-3j ^L-u^^U Lq^x 1 } T^Lxj 22.14 j 21.14 ^U! 

R 0jls£ t—a.t j M 4LL5> 


{y> CiSlaYt 'kc.jjji (544) 

?dauii 

(kg)assn i) K[ .(km/s) 


Merury -ijUax^ 

4.3 

Venus 


10.3 

Earth 

l 4°J^! 

11.2 

Moon 

J-X-oJi 

2.3 

Mars 


5.0 

Jupiter t^pAU 

60 

Saturn 

J^j 

36 

Uranus 

22 

Neptune OiV 1 

24 

Pluto 

j3^L 

1.1 

Sun 

e)‘ lll<i,, ~ 1 ^ 

618 


»>«* = 


2GM 

/? 


«LLxjl-4 | 


All 


i_j j_a-S1 ij <_j$! j 5 U cj5L-35?I 4_^j 


jj^L i_£jSLU l.lkm/s 2vX cJiLitj ^uusJI <jt 3.14 

^jLaJLli £jui> util 618 km/s (ja cjj-Lj Lx 
(21 (J-x-n x!l ^.Li.C jIjLJlU 4_^>Ji <L^ fci i ^j_x jLj 9^I ^j-iuu 

4J j-LVI u-3^Lc. i jU» 

4_bL1o L 4 ] jUJS oLLj-^ . a_*_j 1 x j 4 L-o Lx^ t l£ 5 ->~ t-s 5 Lc. 


4x4A->Jl oll^>J! <jl3 4 j>-jJ ^r. Jlx T l O 4^3- 

4 x.j^uj /jA 4 L>«.ujJLa 4_c.^_<_j L^J ^ aL^JIj (J-^ 3 

Lx j_Lc. 4 _jvj j /j-u-oj vi-Ic. 4JxL^ CjL1jJ_>3 ! 


4_c^_u /yx ^— u$L C-t-L^- J 4 a. 1 CjLj^-scJJ 4_^^ . l u .1 1 Jsu-u^ox 

) 

oijLiJI t-iil l (ja 6j. i 4- t u!iL>- qa 







(^ 583 ) 



xoXJh LXS (19.18) J££ 

lJ7 Si <L_Sx_£ JxC (J—:xx>.) Q '" A~ 
(jl j^x-j 9 4_cLajji Aljjl \ —63 t.\ is~i jjt 

oI O^J 3 .6 u4! J i-*d 

d>. a ^ ,1c J i —< t a ^_i_u—><J 1 4^C^_xx 
/>C J —A- O ^i i. AJ C . X - J fcJ 

of 1000 * 100 *10 ,5 .2 j\ J^u 

4Jic^_ix d-*-^ Lojuc^ 3 j_jlj 

^ <-g->0 1 ^y.tiZi.4 .Xxx tX^l—flVi 4_C^»xu 

uK 5 cjj- 1 ! ->>*^ 61 Oj - 5 tU^uUl ^ 


j_<4> I Jui>_$ .<_x3^3J! Ijufc 4 _xj 2L>. Cy 3 Cj^Ls^U 4_tSl3J! <lc^-ujll 1 4 

£j \—xj j—? c_j da-C 6— czL-i ^J U —>01 _iJI <j* (jr^ L * 1 

v O^cvjjJlll 1J r^cac_xxi^^l-J i In aa **.1 L-c-Lu ^^-j-Lu^ll difjjj (j \-:v ■> , * • 

cx3j_3 Oy 3 Cj^L-SMJ 4—aj^UI 3j-a.x3jl 4—C.j—ix61 4 _l *■ 1 ■ 

0jj3 a 3 Qriy»_^QwLi-^!I jLi_> dal si 3-vV1 oy 3 <—<3^3Ji Ijla cix3x3 t .. > • • 

.^^->01 L ,* i 


Lx^j Cx6xdx_3l j *»!*>> *41 c . x3 Ijl 

0>2 <dhi <Jx6i->dl *3j—cJt uaJI oLx3j^3J1 jjv 1 {J ^ 

la ^ i 3aLa—*<i!l doj>_5 Oy 3 doj_ 


■4^. 


LsIl. 


_^U £-L 


(gjLuiil ,o«^) 

(<t_u/‘>»j ,jCL»4( ^ (> -v jfu 2 Lu^L»JI 5^2 <s ^j^|l 4 

THE GRAVITATIONAL FORCE BETWEEN AN EXTENDED OBJECT AND A PARTIC LE 

*3.14 4JjLjl>3 ^-LlaJLI ^L*J! c_jjl> 0I o^- 5 ^ 04 cr^- fdj^i a.O 

♦ eld <1J (Lgjl SjjLjJlI Idjdu I a) ( *» l- 

t a |Uul> L^- 5 1 Cjl -x ** > » 1 * ^VxS-S C *1 1 *N ^x<L*.*f^l I JlJS) j_»I* 

.Lx-a-U .>JI 0)1 Ij dLlj tj-^-^- Q>d_c- i .S ^ajLst-4 aLui *0 » • • 

i il_*_*o- j66L_a_i CjLc_u_*oJ 1 0 y° 4x:^c-3c_^ 0 •* . * » 

0 y* 4_j_6l_>JI ^ lxui_ju ^3 *£-l^jJ| <L_^ld> 4Jlj Vjl ux.i ♦ « 

4JUU , . * 



© 

^Lb m 4 lYi < ^ ^ (19.14) 

4—lI^JI *_ljL ail 5j_*s M 4 ~i\~i ^X^_pe_l 

r>Jl >JI 1 _$j j3jj ^^311 

SjLC (jy-1! ^<VXiX>J 1 J * H rt 11 l^lLu*> O^d - 1 

^-i AM ; L^La 4-1x3 ^Oxiiit 

3^3jJI 4 ^- m >U ed- 

. V 1 ^-L 4 J>» 4 in 


i^yi 0j3xj ^Idal! 4—cu-Sl^di i6>^jl 4 _>sLL3 (J-^ 3 - 

4X.^XJ_?CX3 ^1 ^_<_x_>J I ^Xx-XCXJ . A/ 4x1x3 jQxixO , 

4 _*(19.14) J—3xi AMi 1 « UJ3: 

(jr^ fH-^ 0 *J 0 - 

^-ucxjlII ^jJ] ixxt_>J! O) - * 3 4_5lxx*XI ^ o.i'v /^y — G//i AA/ } c 

Jtd-U L^xlc Jj) 1 ^ >J 1 0)^dj 413 |C-*xC?cJJ 4x1311 4 bII i«) \ 1 f 


^ t <t -v j f7I <Cil < l • ^*1 * 

is\\c {£\ Oy 3 6j) 3 U ^Ua_xil 4_c_5l^.U * ■ 


4x3"yi 4 xLc13xJ1 3jj) iyn 11_> U 0)-^ 01 1xj3_4J 4_jL^xJI <?JlA J US'. AM- —^ 0 LqJ xd ^ualx-jJI ^Vl 

U = -GmJ— (23.14) 

4xJLx_*i]! 4 33 dil l j_>.Lj ^j_*_u_>Ji jJLqJU ><uxi_>JI ^^xJl 3j_3JI aL^jl 11 *3 aj U (0s*-*' 1 

V Jxi3*J t/ 4jl jJl . \S3J^ (j-lf-' 4 - 5 wCLdl ^XXCJtJJ 0)1^1 it (6.8 ^Uxdl ^Jj 4 x_£XjLx3JI <\ 11 



ISLSISLtf; JjVUjaJO 


(7 juj^hj tJuJti o .i > » jj- 4 . (10.14) Ijui> jJLlj -duidr 3^-aJi ^U juj 2^34 

- 1 1 1 i,<o ^\e^.iuM <^al^.JI i^j I ^ | l u JLLA J< '"" 

£j-A-3e-A (jy^- ^ /)i ^.Aj ^a tu **-j JlLo-A ^u> 4_jjjl_>J! 3^2a jjjJLiJ <lLjJ lj 4_Iljj_L> tjJtxA 

^L*Jl l_jJll>JI Li ^3 4^fcJo^Jtl 4_dJ^iaji LaJi^fciLuj-A i*w-u^eJJ jJliSJI j-u^Lic. d»L ^jae-Hl l 

.^-yu.:>Jl ^Lc. S^jJXI 4LL3 1 3jJiji fjjlc. (Ji/a^j dU3 £ya . (3. 14) AiS^LJI ^_A La£^ 

F g = -Gmj^r (24.14) 

4_JLaJI 3^LiV!^ (19.1 4) j La ■} I ^ft-U-a. J>Ji 1 J5Z-1 dM. ^yA t?L>oVi Ljt 3 4j*_Iu3 3Jl_>.j r Ca> 

. f ^L>ol SjiJt £>L>oi 

- Jl- ^->. 4_^LLs 4_]l J_j ^a al l £ya uuLaol CjI ^ y ~U 4ilji_> ^ja »H 1 —<a_S 13 L$j ijr -uo^_jV 4.3.JJ..L I! ojubj 

. & juju Lua F (_/l_ulj ijSLi Li 1 Li. 1 La^ 4_la_Li_aj ^J^Lul1 4_i_u >.1 i A Cu IS^ ! 31 4i1 ! . 4 »< •> Ll3 

tuAx^aSj 2 Lu^L>J< 3^5 9.14 JLU 

(20. 14 JSLd) ftl 4 "( TX ~>- ^ya h JLjls M 4Ja1u£^ Z> 4i^io <, .m. J-a Ja.\ j~t 1 ! d3j.i-all 

. ^Ui_i-aJ>JI ]1 \-$j j3jy 4 lKJ 1 <Lul Jl ajh t ,ui «.>.l 

dPA 4 J lt^s dx 4i^lo i_yxJa_diI £yo I jju^-lc. Jl^-LL-u t 

4.1 Si £> i^-1 4— 1 -Lii Jl ^cj i4JLjlj 3j >*jJ 4l"i. 5^.11 

—Ld^I (j \.j 4_i_ (_qlll -t-qS db/litt. 4 jl 5vtl 41 *1 Cl! j. jjJl 

r j-ij>..~ill 4 J 1 —i-u_LI o'xj* ^ . dM = (M/L) dx ^ c >_*j dx/L 
SJujvj .(14.20) 4 m »U X 4_3l—tqJJ ^A (24.14) 4ijL -*_a 

j-AJ .(2^-4-Ji ^pJ4l r ——1 r 4,a-.ljl 

(24.14) 4JjLlx ^3 



&y j <v_j 31—=e—Jl 5j—s( 14.20) 

4._:>oLi]i ^_j _4-u_>ilj yy_<^i, 3JI 

jjt liajvV 3-»j CyuJa 33 1 

4ItL~i^ jCj-ui>J UsLia (j^J CytxxguaJI 

. l.iuAa! I j&jjb JUC M 


p g - 


F .= 


- Cm 

GmM 

L 


X. 


h+L Mdx 1 Mf ,1+t ^ . 

- 2 (-0 = Gm — 

1 , ^ x L -'h 


1 

X-l h 


L 

h+l. 


1 = 


GmM 
h{h + L) 


uJLx 4_ujL>J! 3^^ ij'i La ^11 X ^Ljo! Ji <n >J1 S^jji lo_j-2JI (jt (Jl_^-i 

La l//l” J l * .j" (_gt fl J-a 1 _i < c J 1 i~a L—)0 j 3 ,^t l ^J| [_, JjJj La.l jc. 4j! 

i//z dUj^ 3^_3il j-Jl-Tj h » L duL^ Ijl dlij ^^jil a^L-Jd^Lj ♦ iixo 3j flU 4_*_£ 

^jLiU La (l+L/Zl) J^LllJLs 4Ul3^ tj&u Fg 4ijLs_a {jy 3 ^mi (jl Co> <lti3-^La ^jSLcjj 

. H » Li (jjSJ LaJii^: Ljj-33 

J 

. dll <; j.4.41 ~>JI Jiua 7^-y-^u L;r ^3 LajLjuIj 4jj131L) ~Oj±±k da 1^1 t t\A \ 3jJC.lo!La ^L«t>.^?l J)^*3 LajJc. 



t : jjmG. y It 


(J&P) 


(©"*) 

<Ljj^<L U^j ( 0jii i -v Qu2Lu^t^Jl5^3 v s IOJ‘l 
THE GRAVITAIONAL FORCE BETWEEN A PARTICLE AND A SPHERICAL MASS 




lJu^vUI oL^il (21.14) JSLDi 

^ylx. 3 j3JJU i_j ji—st-JlJt <,£$--&^ 1 ‘ '■' 

P 4 t-i3 hi j ic ya m <GJ^ ^_*_... * 
M 1 ^ ~)1 .< St 4j<|^£ Oyi~u. a , 77 _)l * 

1 ^ j in 31 /^SLc-S 4 jj^LI! (hi 

P 4 Ujr.lil <jt VI ♦ lIiL 3 i^ CT 11 


^LA.i-ah 4JL1 .:~hJI .^13 < till 4_Jii-*hl 

4— y—-* '•* 


^^3 4.Lv<.ul^_) P jJlc. ^_j—<_U_ ^li 

l—4J£ LT -*i}b —li^Ji (j-vjl x 

o <« >J 4 c—<-nJJL) J\ 

4jjjixJI Oj-tu 3! i P 4 \n,a ) . i.» 

Ct^ Spj^. 4 —ij jl_>. ^—* D •'•’ 


(c) 4 jj^£J 1 3^ hi 211 4ll^ jJjuu j< J i u *•» h 

4—j • 4__l_ 1 j! :>Jl A/ 


.4j^SJ1 y£j-^a ^yi r iiLu «»li 


{J ^ "b'yPLj-J* 1 3^£U1 do Lib jJ L>-£ t_4^jl_>. J. »■■>•V \ i__jJl_>U 3j i ifCJl 3^£JI jjl Ljjihji .A *h 

3^,_ ul 3 1 <sl J j q_U _rsJ! l aJ^Lc —iu-\ 3^3^J*I 3^ dll (JjLlLi i__Sj —uj (jVl . L<k^ ’. , 

. 4_laaV1 CjI J J JpU^Jl fiJJb fkjJxr~u.til ^3 . <G-4_i^a>a 3j^ ji SphcnCcll SlU‘11 4 t , 



(a^skTf l&utSutlj 




^,3 Lc£ >LiU P 4 In .a.) J-Lc M 4 j^j-^ 3j2i3 £jL>. /?2 4.lllfs ^cj.x.g.->. Lit 4_JL>d! 

. LAj^JjQ 5^-tuUti 1 4l£ O-utfi ji U£ 1 L&J^t_l <_ ) ji_>w-j 4jJj£2 I 3j.tgjQ1I . (14.21 a) <~» 

j^lc. j3j 3 4_u3l_>Ji 3 j 3 u<^ U^I * <J^l£iji ujLul>- jJz- JL i .<b /pj_u Jjl3 L-4-^ l£U j (Jj\_u i3j < tia 

. LajLc*/ Luij 1 <l5 4Ja_4-un-C <3 j£ CLxjlSjJ U£ j3j3 4_}JSJ"^-I I 3j LiflJ 1 . 3j. g/Li?jl £jiiv. ^.cujv. 

3j 3 (2i.l4.b) 3^-^ Cr^ b>»^ P 4 In 3.1 Ji JLlC ) 3j_xIu 2J! ^a_ua^o ^.i.m. .->Jl Ijl :4 -oLjJ! 4JL>J{ 

Uf> jj\~ 7tr will (j-uLi) ^o3>jj ^ji 1 j )K l^a^n ^jL-uj l^ji (j\_u <jt ^jSL^j j3 Jj (jr 3Ji 4_ujL>JI 

(25.14 a) 


F„ 


GMm A , 

—s—r for r > R 



*> 0 



3j_£ ^jU ^g ug >. ^_ r i- c - jjJj 4_u 2 j 3 (22.14) (J£x3 

3jJd . 3 j£J1 GMm/r 2 l x-u 4 u .^--q 

SjSLH Liiij tjj-b I — ^ j i <l— tk? i ^1-c 3j3jXt 4_ujl :>Jt 

. jSjJU JU, C. y c.i^Tt H dn_L^3j r £-A c_xgulJu3 


for r < R 


(25.14 b) 


r 43 L-JJ ^ 4jla^ 4_u3L>Ji 3 j3 

^ Qy i"i\ £1 1114.21c t.u ^3 4 aj / <j .a 

<j t IjLAj . 4_u jLrtU jJjL*£ jJ^ju 

yj L3j ^jl 3 y. otdll ^i-cu->dI 

^y\ —i- ^\ lm—>.} {j£. 4—>ul3 —3 j 

. A y w. ft t j 

t4.l4.W7> 4 

p j , .,y ti! ••(jjM 

4_ggjL^3L« 2 y£ ^jL>- £j-da yja 01 

(22.14) Ja P 4iO^I JL^) M 

4ju!^ Cxjl^jJ VxS 3^SL!1 

Ji—0-1 . La^,_ £y — A (jy3 Oy ^ 3 ■ ’ a ^^41 

^L<il 4ioj-reJLM 0JLA ld^*J-3t_j_gul 

iy i Lx } 1 —}1—J1 ijLjfc ^3 3a_jj ... c 

(25.14a) 4j^l_jk_a ( j rJ a 1 ^ jU j 

Lfcjl_ 1 “ r,i 4.1 <i—t^ni.1 3j-$Jij 

3jutdl>o 4 jj^SLH Jj_2i3jf /y3 4_£1 yx^s^a 

ju jjxttxa.il tilij > - . j£jJ.l ^586^') 







<Luibcit 3> 

.jijJJ JLic _5^>.^>a M 4oij^ |Uui> ^y£- 4_>oljJi 3j_3Jl 4_u3l_>Ji 3^J • LgJ lify < 24i j£JJU .• ,' 

Q 4_La-3jJI JlIcJ M If AX 4-<-u}L^IL q <G_a-u^5 3^y£ ^JS-i J ^ua^a YYl 4l iltC 131 4.11 * 1 1 

2jX ^J_>.!_s M r 5ji3l <x}uS (j-c- <b>3 °i 4_>ollll L^Af. 3^GJJU 4 _jj3L_>JI 3(22.14 <J\ .. 

4JTl£ l j ) ^L > 23 fi 3__>wjLlII ijr jt 1 .$-ilc 3_pjil 4 _u^L_>J1 3j_3j 14.22 jJ ijr ^ 4jj.i-ll r < R La^_La*> • .< 

M' ..,■ » 


: (jt ^i 22.14 -J52.il 4jLtiXt r < R La^24 L.&tsxs (J4.2 3.^ • 

(25.14 a) 

r for r > R (25.14 b) 


GmM , 

F g --— r ror r > R 


F ,= 


r 

GmM' 


IjyJU Q 4_2_3Jj! jLJtJ jJatjJl 3^S2! £ya £)! C^p..^ y ljVl 4JUJ! {jja LAjI 4_>- 1J11 J_t, 1 Lo <yM 

(jV ^q^Ji 1 c. 3 ^oj ^3J3 V j£j_U 3 jlj*lLo Sjj^SLii ih jin 4 J_ciiL_^ <oLoLl_x5 (3^4u y£>U . t * 

. L^Jl>. 1 ju ... ■■it 

£>u 4..y*illl M /M ^Vu 1 i^Ji 4 ^ ■«■>*}II <jl ^- ll Ii.u j 14 ■<; 2~t f a 3^SLJ1 4^12^ ^jt 

i.iurw ^AJ! 3j£JI ^y 3 ^IjJi g-J- -3rJ 1 ^Qjr 'vil _^_A V 3 3j J A31 3^SLU ^ •> ->J1 j_A V C<j >• \ 1 

. 1 |q a £ \ La > l«> 

V~ ' 


AT 

~M 


XL 

V 


l ^' 3 

I^ 3 


R' 


:^jt wL>o 26.14 b 3J jiIjc-q 4jfcAil3t M jbstu^ 4Jjlxll ojub jjrt. 

GmM 


F n = 


R s 


r r for r < R 


(27.14) 


L2 ja ts> ^ i x^3 4 _u^L>JI 3r — 0 LoJut£. 4o-4__uoi.i 3^Ji JuX. 4 j l ^.iJo3 JjLaXI £JlA 

.(22.14) ,4.1*11 4-se_Lk>j^o r 4JiaS 

4 flfcuia Ca 4-ti—il L^jI 4-1j1 ,a3 a 3j2Lll_a p l gl 4 1 <j xs\ a 3 jS jjiv.1 Js Jx>-j 131 :4-UULJI 4JL.^ll 

^J>.1 J ^Jlx. ^<M-l {J^l£2il CLti-rw M = f pdV jJ-clSlaJl ^y3 (jr laJU (26.1 4b) 4jjl_*_<3 M Jl». ' •< 

< G.i^.) p l3l J^ISgJI Ijla ^i-uG . 14.22 g {J7 ^ r c^411 &y> n 

Xy°3 dr 1 ^ r l_Aj2a4 <. .3 ^ i oj-L^ dV j <r. jl 4G 4_!L>J! <?jui> . ^U.«n 

63 4Ji_~JJ g!I3 gJ^ Vniij t A = constant L^jJx p = Ar o3l^ 131 ^t!ui dV = 4jt./ *// 

i^jl _i_ojj 21L->J1 <>jla i _ya i j_xs <...< i.uLiiu F j^vj 14.26 b 41^1— Xy* o^] -M = JtAr U* u'“" 

1^.'. . 


. *> yi.xi.3j 1 jJ^>- i J a - ~> vJ 1 4^^y>. v <1 js^> ♦ -J5is j-ul 1 dyjii jj4.|3 j -i » i,S> 23JL3 ^ ■lo.it.'>. 




10.14 JO# 

(23.14)J£L^ ^ylojVl ^JtOxx! ^l-C. ^/GJoJjj < »4 ^j_oLa! Jj-aj cr^ HI 4ollL^ 

,^y3j VI ! j> ,u,r.I «4^>• 11 I <-< < 4 1^-u-oJ 4_tis{^j 4f(^->- ^3 

. 4 4 I I A 

ihUib (__pDjVI > :3tJ _Pj^ Ct^“ 3>3jJLt 4-ujL>Ji oj* ; 

GmM * 

F «- -“ir rr 

L^Iujl3xj 3 4-la-u^ij 4.^3,'al^3 4S^_>- t^J.r. glLu <jl juV 3^311 o_ufc <jl i _ r Lc. ^JjJjs £)! ^y^Lcj 

. 4_>JjVI ^_>s Ljj^JL> ^-t.u^JI 4_o3UJI ZjJz c^a.>- 3.7 ^4.«,»,rt1t ijr j9 dLljlj ^jdl 

.udfrA 3^3 u ^-*.u:>Jl ^j3] 

3^3JI 4 .b.^l ^j*u-> JI ^ lr. 4 _u 3 L>JI 3^3J y 4 _^JU 

X Jjalll jlju>J 4-jJ^aj d l 



F = 


GmM E 

Rl 

4 j 1 . : < < 1 ; ;<Uj x = r cos 0 ^ 


GmM E 


r cos 6 

-2tJJ X ^jjj^VI (jl Qg..-%. 

^ U£ 4_3jL^JI 2LbLJJ 


, 3 ^ ^. o i-' - v - (23.14) 

4—t_S^—4 .^jVI J^h Ji-3.. ^ .4 

3^__3il ( _ 7 Jb X ( _ r i£. Fg 4_yjjLrsJi 

3^-^Jl aJJb (j! . ASj. .zr.\} 4..>_eijJt 

oL>u1 LojIj u^~* 


x Re 

X j^aJU oL>ut ^ — z*^\l ^jLiJ! ^p^_u q^jLJs 


GmM, 


Rl 


— x - ma , 


(1 jljjLa Ji^jj 


a, = 


GA4 

Rl 


(_ r i £ - (J^kJe-1 GMg/Rp^ jjkj X i-LaajeXk u l lit 

( 1 ) a x = - w 2 x 

4_^^>JI (jS j i -i .-xjl 41-a- f (_ r ^l 9.13 4J ji ♦ l ^J5 v »i tl ^a ^ *'• ~>~' 4_1^LjJI aJJbj 

( _ ;r A (jni II |0.j ..ii >JI 4i*a. «1 Ltl <a-~i~i ml ( _ ? oll (1) SJjLaJJ jil .Q x — —(O^X 4_tiajji_jJ! 4 .^ S^ljJlII 

ijjJb 0) iyljJI 4x.^jaJI l-a.Iic. 4^aoxjuail ^3 4 la-.11 4ijLtA 


CO —' 


\ GM e 

! Rl 






(c) 


4j jo jJJ ^ajJi ya 4jjLt_4 4 -ITl^ Jda 4_Jjj^iaJi d^-Stlu a.*It <Jbij ->Jt 



= 2jl 


(6.37 x 10 6 m) 3 


(6.67 x 10' l! N-m 2 /kg 2 )(5.98 x 10 24 kg) 


= 5.06 x 10 3 s = 84.3 min 

t°) ^ 4 r-k i » Jij—^ i *£>^ 3 jt' 4 > -*-* f t> 03 t _$-A h* A 

{Jjio Lr^“ < AfljluV 4-scjTuil jji dj>.V ^dJ j (^id!j jL?c_*IjV1 ( ! 


4d*^Jtj . (JliiXl i jla c*jU<r I ^pJ! 5^£Lflil ^lwiitlu_uLi ydljj^i y i y^ -JJdj ^Liiu (J-JLiuj , i.»I 

43 I d * (jl Jji yC Vt tjy 3 Jublj ^jf c_x^tJ 4£j_dL! 43 J obi t .42 ITUh JjjJuu-uJ JljvIj d>» it , , •* 

ya 5^ ^-4 3 . jl bt r VI (jr 3 1 -A j d 1 ^oJI 4 i 4U 11 bM ya JU J-*_!l dibAj 4 .4 iVi 1a Couaa] t v ' . •* 

^Ja. . 4j_3LbVi 4J3 LLlU j*\un a y* 0*3 dl£bwV I ya Jj-uta_>JI <J_t ■* <•••*' 

jdT ^LLxj y9 y x\a~i 1 \ *' \ *'• ♦ • 


r u > J l 

Event 

horizon 



BLACK HOLES J I 

ijr a e^xJ ^-Aj—H-!i 4 —ojL_3 —>%j Cs 1^—:d I ^3 3— -*• >| • 

y. {j ~&3 —*—j—< dl ji Superhova l— 

^>o t..< 1 ^ ^3 4_jJLblU <oLUj ♦ 4l~xS3t 4_^jLb )\ * ■•■ I 

. _s* 4 —juoVIj (_pi 4^bVi Jk.-bLj ^y ^- 41 i‘it » ( 

i 4."xl:X 4_oi^ ^sc-3i tfiJ j t. ^l^aJ ^ •. - *t 1 j 

4jL 6 4Ju^ ^J!Lq 1,4 ^_Lu I-1 LaJi ijui 4i^ C.4.tl’. I A »* 

(j4l 1 Jl-A » i , 

j -£i <uii^ cbl^ Ijl Lol. whitejdwarft { y^u\ , i* 

4_ojL>Ji 4_^_pj 4_xiL»£ji i*n.,, 

3 -b 11 .Neutron Star ^ , ,u 


R s j Va xi II ^aj . jj, —.i^ 1 L-i-ij (24.14) ^£44 

CsJL>- ^1 jdCLjjlCi t ri is\ > <i 1 to 

.£jUJ! ^>1 4Cjj />bu V OJoJ! ^3^1 JjJLrv 


I <y I ^ ^ 10 4j.La3 k^a uaj 1 4_ia_^ 1 L > • • « ■ 

5 IjlA 3jLo ya *'***^ • 

kiJllAj (22.14) 4 JL_JJj (8.11) Jlill ^ui^..,,-'- 


(jttxMliH 4_L~i^ JliLoi ^j?c_<J! 4.llxfC y>y£j LoJlxC dljj 4_duLoljJ <Cul^j y* 


^y-C-uxU d 3-A3 ^aITLq ^-co->» jJSLfaO (jr^- J-LAAJ ^a > Ij. 4."t *.xt 4 ^Ji^J U^ 5 ^ 




(%J)1 jstl I I SLaL u Jjtj ISLulSLU-- JjVIgJjeJl) 


fLfcL, (25.14) J_£_i 
^ u-« u j^i 


— C. ^c_>o t —<j-AJ—:>.! 

I C j (—bdj 

SjUI j—?e_L> ^ xM 

^ •> <11 


t^tlxM (_>^.)—a-H 
< __ l _ — u*j^i v -^.iii 


3jE _>Ji ■ 

L^-j! Ax.j, 


1 


jJ 3jll! 


L4I ulxl -t—ill] J J—o£U 
4— s —<1>U 

■ i.;u„li 



L^x-u!il_>. ^_j 3L3 Coo CaxLxSo! LjLoj J^_a-u Vl i—< 3.x!I 4.ax a.^Jl . B^xaVl LxxlxJi 

AJijIb j>_uG dx>o £xu AjUs J^xuVi v ^a x 11 O ' 0 4xj1 i>i 4 Ax5>j-<i jJxq ^ i,«>> lp^xB i Lo HUs 4 4_ui jjl 

. JpVI 4 : 4 2 x 11 ^J.'.oa 


^.TtxJi a1i£ 4xfc-xij 4_2 jI^ Escape Speed oM-si ^Jj j^x«Vi i . 3 ~J 1 o^ 3 

C i.Al! Axl^-x 0^12^1 4xj-i_u Cx«it Eo illB ( 1 2. 1 4) aJjElxs ^Eo! l 1 Jcv. \j_xjlj^> Ebj2a-B <.a*s±i 3jJh ( _ ;r B 

0*^3 Ib^xuI ^ixx_>Jl jJxa uilljdj 4)jjlJu I O^* 3 - 3 V ^.ul> <jd /yj 4~i txlU ^jX\ ?.^x2sJl (Jj-4 4 .* lijVI 
^jixxJ Cj^IbVI A£.^>_tx 3 JlIc. i^jjl Rj, £jx>Ji ^.E.4 L-laxxlli (_3iIaJ^ . BjxuVi <—<-3x]l 4_i_^.i.x*ll 1 CxJ 1 Eub 

.(24.14) J<Li Schwarzashild Radius alx-^jj l. 2 . A ^Ub cJ^aE ^1 C ^ .> >> U a_c:^_xu 
^J x^u Event Horizon ojx>JI 0^1 ^ 4-^2 .d^xxVl <—.2ML ^Evij j-Exd! 1 jl& ^Jx^q t^J 5^£J ^ E aExil 

. A_Lo ( _ r ^ (Jxst ijJbjJ c.aA ij 1 Axil (Jxo3 oi ^jJ! a->2i 


^Lxu_>-^1 ^jxi ojl xx i 1 c-j-tixJl 01 Vi 4>jjLiu 0 1 o^-^ 1 - 1 ^ j^xuVl i i2 7 JI o^ 5 ^^x2xi 1 ol Eh° ijA c '3 

ux2j ^Ecu QaE T o 0 1 O^^- 5 <Ji-x-U (Jxjxu ^1^- • AxJubLxa^a O^-^- 5 OJk>Jl 0^1 O^ 0 ! 

\^cS Ajxu^/i la 1x1 i $skj> ^3Ui! ^acxJLi dax>o lxJl^xj 4J1x>J1 &JJi> lijy S .<j£J>Lc. ^->-Vlj Jjxul 

^)x>^_ 2 il ijxb . 3^ x a i V1 4 —i_ 2 xil accretion disc ^xsLlLxi ^£^2$ ^x-uj Lxs (25.14) 

^a^lxu^ A-xLvlj aJsUE ^yJl ^xlxxtl 211 Aj^dt 3_}LU ciJlEi.-N. 1 0^- 4_>oLij! AxSLu^x.U A^tiaJl 
3jijx>- A_^j3 ^UjjI J->aj . AjjIjlv ^^1 0^“ (jr^Exil jl JxQ ^L2 jj 1 clil JlI I » -U 

tjr >-^ll (Jj-EJi ^1 ^^>-^11 L^Jjia J-uaj ^^1 AjlELVI A-' 3 A_LcfC Ale. jJlxoj ( _ jr xLZj.l ^j^j- 211 Bjlil 

AxuxVl aI o .> -V-X ^yjz. lIj^xoJI L-i^oxi! 3j^xxXl ^JjVjJl O-" 3 AxxxuxJl A_*_iEV 1 lLLEj .AxJuxoil A_a.ixVJ 


.4x1 







^J! I g ; l~x *N Jx<a3j ol^-J>JU Ju_>.^3 4.LK3! 4_x2jl_js *!_}j ^ylf. LiJU-A-i 

4ilK ^j-a 4l±K yijSu2J> 4l~KJ I J5 j_l-uI <—Jij JL..at < J Lu^j^e-a ^j -4 4_ilif> <_*\l • 

. ! <.In i t)Q ^ <i<Ci,< i> c »' * 

(jujj . _5p-U t j~4 JliL^j J3- =t - x5 4 l~id' 4-fljls ^Lxr> VI clilj <jl 4a^.la xll £2UiJi lTV’'J 

i_*yv <xAz \ ^L-i2..7x!1 3jj) x^> (26.14) 1 1* 
Coj i-u Jp-U CjLxLj lA^_5 M 87 3^ » 

} wL-3 ~i *-3J Oj —>V 11 . 

i f\ 1 > t t-~x < ti^ 4JLKJ 1 ^ 4^_<-ui L xA i .'i •> 


(. Ll^laJ! »_ t .J) L^Ud-xJl (26.14) ^)SyU/ 

(jyi—i-Li 3aLU U—i—s j. ^laj^ M 87 ^ -?• a.U 

U ■»"< a 5^-JsJU jSj-A ^yi CLiLoj (J^-cL 
j..‘T“ c. ^-1xj_^ 1 

^i_Jj ol3Uiil liJij j> ^~‘-*->3 • t*>>!i 

t-U j X_Jj^U (jy^ 



SUMMARY ^dilo 


a g ij t M'y, ffl j 1 a g "iti £y< a m •>■ (_£l i 3j_S (jl t _ 7 _Lc. ^Ladl <_s J_3cl! (jjj_u (jj—iL'l 

LAjljJLa r i'll 

m<m~, 


g ^2 
r S r 2 


(1.14) 


4J^LaX 1 .^UJl t__3 j_>JI c^_}li G — 6.673 X 10 ^ N*ni^/kg^ ciuIj jLv ^ a G cu . > 

. 0 JjJlC <-3 api O_>o x_ijL>Ji 3^ <_>Lt-o3. tj^a \ * <’• 

2 a^JLt all 4lat_C. g CLx-x_>. mg LajIjJLs 4_oj jl__>. 3^ n i j3L3j ^JLao-o J 23 J 3 h 4_^L_u_>2 ^. u < ^ 

.^LajjVI IJ-A ) ■ 

t GM f gm f 

t = 2 = (K x n 2 " ( 6 . 14 ) 

r (% + h) 

jju ^lj UK jaaIi ^-x.xj_>J1 l>3| j-Us < 3 xap > Rp' j 4 I 1 K Mp ejji L ^‘) 

^<aj^n ^ la t tt £j-£~ ^V-< •• * 

l _yd .XJ 4^j_>J 

.(jAjjpjJl J->- \ wile ^jx»o J-Us jjSLxlf J^e. Cjijljua <__Ki_^Lll £-yi *■ 

\ 4_x_L4J) 4j^L-*i_I/3 CjLvLox-A Jsie UjKjSJI 4_^JjJU c XK. .1 * 

|C7D . 4a^Uu«•' 







jSLilf ^^1^. (_£jJi jijw-JJ Jjia t 3 </*n £_* ui »Lub ^>ajJl 3 

l^JlliJi ^se_i!l i _ 7 _Ll oJHJi 4_jt35i 

47V 1 \ , 


r 2 = 


GM, 


(7.14) 


. £2 ^ I j^>Jt S 


. ^J1 jJ, i (. 3 } Yj <lu^ M s C~-4-i>- 

t <J^la r ^Ja- ij 03 ^ (7.14) 4JjLlU cjIjIjJL 

• (j-‘» * 4aj_al J oljljuo L$J ^-lajua 


jJr. £yuoya jj 1 (j£l 3j3ji.l 4_u!iL>Ji 3^3 ^Lt-b-AJI ^,3 4 _Li2_j JLic. 4_u3L>Ji JLae^o — 

1 4 JK (jr £. Laj < uilA 4 I^i a ill (-illj 


F g 

g * — 
m 


(10.14) 

4-jljLjJ! £_juajJl 4jal_ia : ijy 3'^L£ L^u^kju ^ JL * a . 3 -M 4_sLLs 4jj_} ^ ‘ 4-La y^sx—A 4_ujL>Ji 3j, 3 

: Y 4^L_ix> 3 LgflLu^iaj ^-<^<_u- > J 


£/ = -- 


GM l m 2 


(15.14) 


j* f 

(j~A ^ 11^ il 4 i K! 1 j-ua^J! 4_*LLa . f > 00 4j\ g >^U1 Y c_j^JL-3j L^sJlIc. \j. a.tsz ji_cuj t/ Cu_>- 

Ha-^a j_^ r - J^cj CiU-Uoia>Jl /y3 £jj (J^3 .0L<v-t-4uiJ>J 1 £_j_ 4_>J CjLsLiaJJ f^djsc-o yi: £i\ aj> < 

.(15.14) 4jj>Uil 

4 j££ ^)x al j«Luo. 4a^ 3 a (jyle. D 4^.j_i_ii_! A?7 4-Hili^ ^j^fvTu ^.llaJ ^ ji 

.^-ua^Ji 43liaj 4fSj->JI 43Ha ^j 5> ^HaJli E 4 II 43liaJf iM 


c 1 2 

E = j/ni; - 


GMm 


(17.14) 


(J^>- r j>^Jcaj3 ( rt ^ 1 ,->vll uJj_j>o tjj .4^j_»JI ojIj-j (_yjk 4 .xK1I 4_aLLJI 

. ^_£t> jaL^JtU 4 jK! 1 4^LLaJI hi » 111 (j) Ojjcj jaiiO- 

GMm 


E - - 


2 r 


(19.14) 


.JjuijJLo jaL^u filaJLiaj 4,tKn 4^ilaj| 

:(_jJk (jlajV! ^Ifu u (l^ >—SJLaj j<u»>. (_J^? 4jjjL>JI i^yi Cj^taVI hc-j^u 

(22.14) 


^esc = 


2 GM f 
1 Re 



WLu jbiJlJpLfi plx jjpl palilt 


4_^Ud ^jLciiJ jt <jx p3l jl p3 j-pl J X 3ll^ 

S pa^^U 4 j,i,<uiL» j x3ll 45 ^j>JI 

xLol ^ P-x J * - ^ <Jj —jj V jLl ^xla^ ~ 10 
p-x AI I Jj—ppJ J- J — 4 <P ^-Jj-^ 
\<_ppJI px pp 4 _u3L>J! 3j_b p p» ppl 

<-pj-5 Px <JIJ** xM {Ji-ckJI psLt^j j) J 3 x Lx 
J~x (Pi (j d < ) w< t i (Jj^* 3j^p J£ *Lu! 

S jj-^L JSLl px 
> «i ^Px 3pJ_U 3j__3Ji pp3 LU. ^xlaj — 11 

S3j5JI j£ps 4-4^fcgX 4_4-LlIix 4 Ln.n/pa 
C^-u-tl 4-1 Tl\J I p p Hi JL^ 4iUJ! jjj\Ti i u (p_9 
S pal t x JSLki 3pJi pL. 4xjjx 

Ppj <pap?t 4ijli5 pj cj!j_ljuJI JIx-aL — 12 

<> > ■?•- ^ <P *4 J o -P P*p 

Px gUbL-3:i x puLLLj P-j Sjj i».4 cLi_ulx 
. Lippa (P j-XJJ • p*J^I p^j_u 

Ppj paxJi jIjix pa <jL£x ^ 1 jlx - 13 

4la3) <p J <XJ S,pLxj Lx jpl LppJI 4_£Lj_i_a 

S pXJ lx pi (jpJ 

Xuppi ^ Lin H LX_ua_ij SJLsSLH lil - 14 

^Li.l ^ L ^ -*^- t | l L mi l 4jj>X l _ ' ‘ “"*• * t ^ I C 

. $ ppJI J4x 

3pL!l p£>x ^pj iJ-u^j 3j> A -w 3 i jj — 15 

Ytl <llg-£ Px 2j_5JI p paJ lP 4 g 

S IjuA JlIc. (1.14) ^_i_jj (JlVi 4ii 

JuuC. /7Z ^)l JlA a ju I jLx 

S o^jVl 

^p, 11x5 (jl (Jlxj 1798 jalc. (_p, i rtW 4^^_>0 ^ [161 

I JlA (JJJ ^ 

4_i_5jJU ^Px. CjjjI <_ r g]l 4—a_>jL>Jl 3j_3 — 17 

4lr><Voyager ^cj^_ 3 4_ui t'n 311 

Csm) (^J| l^g^^_*-u (jx Ojlj 4 l^nX . i ^ x jLU- ufv I »L ! > I 


QUESTIONS ftlw>l 

uyp <jr^ (^Liil ^jjjL^ ^jLt_!Li_uj 1 
L^jij-x ^ jjOj j^h-lmjJ ^ Lp^J^I ui 

(jX f^yu-4 —Lull ^jx 4 i J ij —3 (j^SLi l»xjk xC. -*-“ I 

3jl_j_ju 'jpL LxJuUl ^_u^g ^ L^jIjjJ 

♦ Uix 

^ xxjl (_ylc (J it X oJ 1 l^J PLP 4 _aj jL>J| 3p)- 2 

l—4-i j-Jp (PU! 4__ujL>JI 3 j_3 i. 3» i^-v (Pj (J_u^j 
(_j c_jJL>»j IjL«JL 3 .^—4xJ1 L 

PSJI <—3j) II ^LSf pajV! (jX. IjLg4U j. x 3.11 

S(j.u.x < T«1! 

iuiLj-uo. (j-tix-L (jx (jplu 4xj^Llx OjL I jl - 3 
(jx. L*-TJI Jl jjC. j -4 tv» pill JjJu > Jl JJlX ^ 

pill jjJl_>JI jjlx .S<l_iKJI jpDpI 4 _bLLd 
(2>x N JJx (jx (jpp 4xpxlU OjI^ I j| j-4 Iqj 

S. Cj Lx-U-u-p I 

£-xIajJI 4— 3 U 0 4J|j i_jI_ lm _^ pLxJLl o-x (Ja - 4 

4_ipjLx (jjJ J lx x p 4 <« ■%>j l m p 4.^ "v -1 *<rJLl 
♦ Sud\ ^x.fx'^rli 4.L^ 11 ^ I ^ i n jJ^H J^xJI 

—uoJ 4_ajjl_g>JI pa c_j^j_ 4 II 4— Cj —lu/ p5> - 5 

» pa ^ S4"lT^ (Px JuLaAJ 

^ x 311 pj (J^uapJ 4xj^Lll ollLLJl ju (jjlj 6 
(P1 }ju3 10 5 kg l-4~il 4pl_xla_3 4^5p 

. 10 8 kg <ol^ 

i *11^*11 u~i till jjisj|7 | 

L«-« J —J—^l j— 4 —ill (_JJ f^ojVi (y> j— fli—uu 

.(jjj-'iJI Jjfi StfJjjJI 4i>.j 4^1^~u<ii 

£-A ,~<ll u .L^i U II j _4_S j-uojj V liU [Hi 

geosynchronous weather satellite^/VI 
lillj (_pjl ^ 45 iU-v. jlj -4 (_yj3 

ihL j-^ 3 iy* 2jl3bHI,I cjL 5?^11 SjuLa 

(j.4 (jjSJLI ^LkJi 1 £_u9^JI 4_sLLs (Jjk — 9 




ISLalu-Ulj ISL ulS Ldl - JijVl f^gfctQ «Uj_ulJt 


fja Lgj i 

cJ: 


OjLc. ^1 <J^>« (jr 3 4j£jJ0 

S ^Jj d^-iJiLuo Jl*_i 


{JmjQ. <~31 4_ull_>- O^LbM^ 4~dj5\Ji 4 x.j-au.11 
S<liJ3 ^j^LqJ 4 iu^ £C_lu3J 

S j^-ail 4Jl£ jLse-jj (4L<5Lq-> (—-18 

(Apollo 13) 13 4 ^SL^JlJ 1 SL^gjJU -19 


PROBLEMS 


. J-LJ! Jl ^L/s JhJI - Q 14 lau jJ *yLA i 3j_JuLi^0 j_JjLcu^5 — 3(2(1 

http:// www. sanunderscollege. com/ physics/ <J^>31 = WEB 

4^1x141 ^Ly^ — JSLJLl (J^v. ( ^_ r 3 A^Vi < <<»L>Ji — E 

fiaitiuAj /\x+ 2>j jrljj! = Q 



. 3jJu j_>-V i 1 <i 3 it a <J£ 


O 


,U. 


Lu 4±Lu±\ LaJux. 1.0 X 10 ^ N 
<.u-?clJ 4_d£JI AfcSJl o_j 13] .20.0 cm 
Sl 4l i^ jjSL i 5.0 kg 

j 4.0kg j 2.0kg Lgali^ 4_^iIou_La o!>£ cj^Ij — 5 

4j^lyJj jaSlS {JJ 3 4 x.j-j4>ja 6 .0kg 

U- u u u —>• 1 * P5.14 x.u ^3 i A J-& 1 4 , ^ 
4.0kg 411*C J1 uJ—>Ji —3 4 1 JUS, —a 

^Jl—*Ji ^yx. 4 Jj3—*— 4 CLslj^JI (jl j\—i jl c .Ls 


‘Ur^J 


>UJi 


j*Ult ljJl&%.\S {jjj-Li 1.14 (^.u*30 

4_u3ij>Jt Culii ^LJa 2.14 
2Lu3i^tll 3.14 ^u*2lt 

^ylf- L$J jljl i _ r xJi 4 ^u3L>J! 3j 3 jl JuLa JJu>. — 1 
oLxaSLH jILa 2 j->-T qS15cS+i 

. L^-Lq J£ ^_i3j LfcjJjLdlJ ^-LL>v-5 

500kg 1 fA'6 200kg L*j!jJL« ifc£ - 2 
3^3 (a) 0.40m 1 ^.^\At 4^L^1S 

4Ju^ jjylc. jJnSJ! t.f111 L^j jjJl 4__ull—>JI 

^ .ins*, la a 4— c. ^_i^d j—a 50.0kg L&ji J—3—^ 

u^ 4 '- x ~ lC - (b) 1 -4-$* a A^Li-uii 

4 1 ui\. ,^c> ^jLJu 50.0kg 4.Ll£Ji 

JuLc. I ^ . * _UDJ C-LlILI_ujL 1 -£3 _ UZs _cul 

.4jI^VUI 

O^ji Cj54j <X.j_uo^jO 4jaL_aIlvO CjMj — 3 
\ £ 4_x.5^_ uz> I ^J-uo 

4_u3l_>J! JLsc-jq P3.14 (J£Lii» (^^3 

.(JlSJi tillll 4jsealu ^-jl^JI JLul g 







4-U jbtil 


G L_iJ_>Jl C-cjLj .okflj 3)5 SLSt C-JUo — 11 

4_Jl_£, 4_uij jbLfi i. <i a > u ^y-A iyCa^jS £ 


3^-c, J^U "1 1 1 j^l j £j 

\-A 4 }A SllS £*\ . 4 . ,m y Jk: i3Lb .^_t-oi^Ji 

I—4- ^ Jua J£ Jj-k 3>djL^ 4 _jL^j ^ 100kg 

( _ T k. eJj_a_«-uJi ^^3 3)1 rtU a 3 )^L}i£Jij *45.0 m 
431 (<iJLl jLl a a Lo . 1 4 4 1 A *) {_yz 1.0 m Jljlj 


»3r^3 aj 4_Lu3Lall 


J-A’jr 1 ' Lr- 3 "^—* *j-«—all (jJJ (3i>Ja-!l ^ ~ 12 

j aall <_jJl>- 1 qJ^ 4 L <i i 1 jl.i^>j (Apollo) 

(iilj JL_*-j oyc. (a) <_j j—;v tj-A ^3—Si 

La (b) J-Sj —-a 3>*^“ ^ k. £ #tt 

Lillj jJx. (jIojVl 4 _ij jGv {j£. 4^0UJ! 4_kt_*Jl 

. L-> /> /! ) 


4*14 fi*u±aS\ 

L-tSl^SUI5.14 fi±u2S\ 

^ j 7t~i j.u.a lLa_>. ^3 Lilj^eJb ttl 4.7i 1" *•> ^ j. 1 u y — 13 
b 4iLu>5 ^ic^ X ^LsoVi ^3 4 4 ]rTi) a <k£.j-LM-i 

34 3n_i (PI3.14) L*JT 3^a 

3)1 cjLjLj i{ ^3->o S3 (jjfi-i jJuS 3)$->L9 

(j a a 1 l - <- — £ 5 { J^ **nf l (jr 3 (jrtJLLlaJLl <j \ jl ft 1 1 

-t-^ = 3)_9^ J Lojlul 4_>- LlxlI S 


y 0 


<i ( 2 h U 

m 

.- r - 



b 



_L_ 

SS- J ' _ _ _ 

ol 



P13.14 JSJZ 



£A 3 yaljJL« jt Jl_a ^Jb jjJU O^fLuaj^U j. -cv 4 — 

3^-3 geosynchronous^jVi 3 )ijjj 

Lq-Lu 1 *>^ 1 'La.~v- 3jo»!j 4 1 a3 ? 

^La_S L SuSi Lm >»t (a) > >a (Jj—^ 

3ys oljlkuj J^-b j, (b) £_)i JLo 

‘Xc. j . i u > ^_j_i u Ti ^ ^JL-4—*-uil i — t-knJ I 1 — 1^3 



14 



P5.14 jSbi 

1/6 ^Ij-3 j- a ail ^c_La_*_u £ jr l-£' 4_j-j3l_j>Ji 4-b^ l. 

3)L^ 13] 4_aj3l_j>Jl 4 _L*_c 

(0.2500 Rg) —>. j—* SJl j. )n3 l a 1 

P moon / P earth ^3' 

{J.U. .4-bill 3)3^*-> * ^).u.4-bi.l 1 *-_3^_*-a^ <;LjLjl 
**^ *7u 1 3r^ j-4-5J!j JLaS. {JT lc j-a 2l\$ 

L^-i jbj3 jjyjJI jl>L a 4a La (a) <jS>j s $\j 

^aii 3^-kJI La (b) S j. a 3J1 i ^nA -t-u 1 1 
L_XS (c) $ J —<s—3ii ^^Lc. L y>j'$\ L^j jS.ip 

5 ij u * «"4I l^J Cr^5 43 -dJI 


u 


7 


j a\\^ i^y^-A —till a Cj 4 ^ 4^bl_< <i 11 H 

^^3 43^jj j A ^51 *384400 km 
4 jj 1 jJLi 4_c. (a) 27.3 day ^ 

3c.r*_i_*_L- 4_u3L>JI cbijj 13] (b) j. <i ^11 

L3. a to *?jl jJ, ^j-ul^Q U1 A ilvb lj7 3 j 0 till 

djljbo {JJ 3 . 4£j-3eJLl 3>3 ^u 3)j^lkJ 

j. a 3tl (.U«.^j 4_bl <■*< a ^1 1.00s 

^ 3 t -> ^xiLoi I 1.1^1 ~>* 3 * ii 1 

7? 1a *-u (3^-^ 4_bl_*_u_ a <jr^- | ^ 

jv La. ^ c*a ts\ ) CjIj_ a 3.0 JjL_ju 

4_u3i—>d 4, _•>• ^ ~ ^ 4 7i at-T 3)3^ 


<>L 40000 Lu*l 4Jb£ b- 10 

43 1 3/^3)^jbo 3 )JjL_u_4J ,^3 3)l^)-3tlu {£jSxa 

4_3t_tlu I^^jlu 4l3t_*JI j!wLL 4 La 100 TT1 I m) 


ijSSx 


) JjsLl^II \.a4 o L^-li 

( 4 ( L. in \ 





(2Ld^IISu/»LuoNj ISLjlSLil-*b*4lt 


^U.im ( _ t 1a 1 (jl.j .al ...Uj) 459 kin 

. 112.7 min o-bJlj (^jS/l 

^il ._L-..'-a >rJ ' ! . 1. . 'A 4-A^. ■■ „U iip/n^ 4 t , u i TI 
,£jV! juc. 

(ju4 l_J J _j_rtJ (PI 8. 14) ^SLu, (_y-ll-<k l—UrtjJ.1 — 18 

Au) 0.57 Au yjl J^aj iiLaJ. 

_ykj 1 AU = 1.5 X 10 11 m 4.. ,j<i\A eJ _:wjj 

( t jx.»-u,ib ^fUi 4j3l-uJ,l . b . ..j " ^ 

JUu ^A L>a .4io, 75.6 ^£jijJU 4xajj 


4l>-j 11JL-t _i (jl (Jj-3 



k0.570 AU* 


2 « 



P18.14 JSLZ, 

WEB 

4 Juaj coS^SJ ^- 4-3 Io j 19 

4.22 X 10 5 tfjljua tfj_la£ <_i_uajj 1.77 


j—£ 4.fa,. £ (j^c. ol— liIIj km 


ij.u &r - —>oi (jljjwU Y , X fj\ —x_Sj—£ — 20 

^>u (Jj->- 4 j^jI J Ciljtjuo 4x.LnJI uJjLd-C 
(jju 4 i > «<ll (P20.14) j-A 

(jLp«.VI J (3ll) 4xiLLtaj 

(JT& \ —^aei J l £-A J—>“U Jc^iw 

* UM4 ^J1 .(P20.14 a) J£i 

90 X Cy^jSlll 4jj|jJI 4«>.tjVi 4 _JLl1I 
ue? (P20.14.b) Ji-fa J* 

juju^. Y 


t.jill.rtll ^j-4 k__Oji—3 ^J.L ■ A r<—cu—4 (^yil f.£ 

—*—J—cxO OjSjJI {j-A • L-uaj| _o faJl 

- 3^Lfa/Vi 

plaskett o£^>LJ 4_j^LfaJl 4x,^ ^ .->%X 1 IS j 

j!'» Jz ubjk; oy >—>j i>* 

!_LAj t Lg-^Lu 4iUl i .3-^vux* 4jta£ 

J£«) 4j^L-uJ1xs ^ 4 arili 7y>j 4faf* 

<> JSJ 4^jtjdt o3Li iij (P15.14 

220 ktn/s a... >•.i 11 

M 4i^l Ju^wj! ^14.4 \ ^ 

.(1.99 x IO 30 kg ox^ill IK ^.jUxil) ^ 


220 km/s 

\ M 



P15.14 JSui 

Plaskett s . ...V. ,* a _jjL-juJi 4x.^ ^ ^11 — 16 

sjbjj-j —>o (j_« (jjSLjj binary System 

<■■ rt . uaV„ a JrtJ y> (^rtb jl Jua ^ 

{y> ij£ 4lj.i> (j 1 ( _ r Lu ijLAj . 1 a g.l^i 4 41 . „t I 

bj (P15.14) (JSloi 4jjLuuxrt (j\ a..-y ill 
(JSL! 4 jj!jJJ 4^.^xull Coils' 

JSJ M 41 ~,S 11 J,_a-jl T 1_ a.i>a (JSb 

•S^4 

Ja j-ubj Explorer V7/I jlj^L.xSj j.o5i! - 17 
4xu(jjJ 1960 j»Lc. ju-abj-i 3 (_y3 rtjljua 

ob **< alji— j- 1 1 tfjljJLj .J..J.2.W 4_a_tla 

jijLua jjb 4tart ) JL.«-il) 4l-iS i 4_jjl_lll 

4 la a tj 2289 km b_>IajVl {j-C- j « rtJt 

(jA. ^ a all jijuo ( _ y 5 4 Inrti uj^Jal) ( _j^3_uuaj»J! 





4-4.1 iUjsJi 


i _ T ic uj Jlj>. 3jJu j ! j jj 1 r, A^Lfjj i i <» ^ in 

4Jal <*>11 <jl .(<UuLu^All 4 _a£j_U^ juudjJLI 

(jij JaV 4—a jj us ail 4 jl <Zjl\ (j \j 

.1.48 x 10 9 m j 1.47 x 10 9 m <jru oj^ 

j—.Ij-a.V f t_ i 1772 f l_ <1 

<_^L44I c > -! t ~i Joseph Lagrang 

cIj j-aJjl JLAj . LyJaj jloll I^ i «i i^jJ! 

<> u^4' '4 a SOHO a-jSl.^ftll a-l^II 
oUl—u :4laj.-»-lft ) 1996 

3i_'}. ^ A jj ■«_« ^L-Sjl j_ijf dili 4_a_j_3J 

.(5.983 x 10 24 kg) ^jVl 

tALuiUJI JL>ia 6.14|«atf2Jl 

1000 kg l^LSJ 1 i" 5 4 _uL<>>~9 — 24 

100m L^l^ls 4jbjlo 4j|jt-iiul AxlA ^Jx. ^A: 

Jj_a fl^a 100 4 ~ 1~ £ 1_|XJ (j_« Cu^jjsl . 

AaS^J. 1 4 4. irtftj . P24.14 (JSlxu (juiftxiJI a \~^ 

. ...VI ‘ ,^ ,■ I )—*y _a jft xuI 4_xi'uxa_all 

10.0 km i.m2*1Ij 4j», \ Si,I <Jsj2s q \j AaLuJlIj 
4—x. 5jJLI ^.lx. a— 4£JI 3j—all n iii *»4 (a) 

JLse_a i_yS ijj _all j_A La (b) 4_jjL_u3_a!l 

4_a J 3 a i^jS (_ll_£jJI ^1X jjji.1 4_xljl_a>JI 

,jx. I JL*J jJiSVI L^jj_i-Jja >_ll£jj|j 4 j5J4I 

. C-aOxll 



Black hole 


10.0 km 



P24.14 JS^i 

J.-lx. 4_i_ijL>JI (JLst-a oL>ulj jl 
; 3 —>4! (jrlx (jJJj—a—«-!! JoaJI ( _ r lx. P 4U ill 
AaLjJU jl i u~ia Lfdlj^ ij\J (JxoljJ! 

<1‘25.14) U£2a 


25 



P20.14 (a), (b) J SjS, 

L»jIj Jlaj i ( JjL<_u} ^£lVXus j. a Si [21 | 

4o>. ^lc 4 Lnaill ( _^4 j Jj4 

t j5 a. " i J ~i ." ill Jjx>. jl-J-a J-4aj 

■ Jd ‘~'" a 1^ a ~>< 11 Alaaxll A,,, |^j ^ya al ftloll 

. 9.84 h (_)£ 3j_>.lj 3j_a jjjlj i£j-^ _44lj 

2.14 (JjjL.~w tjr 5 4^L4I oULxjJI ^ ' *»• ~ ■ ..I 

I ~ .—. tl j artll J’Loijt I -1 1 MAO j_j£J 
4_aLaSLll 4ftj^c 4 a3jj3j_jJL}I -*• <H — 22 

^Aj (j «~ mil) la_jj jjj) 1 till jLacAlt LjLoj ^a 

J_jje4) (j! (JjA 4a: Aj j 4ljjj jx*44a ^oao 
* 4—ojLa 4_c.j_uij jj JU 3 AJ . (*a»o 

4_~ l~* S' 4_xjj(jjj_4jt j*j ■> ill Jla. 1 (j! (_jiaj_aj 
. 1 OkrriAj 4 a I jxa<J i^Mft—ia.H 4l~ K I_a»_4a 



4o4 1 V if, 4_3<Ja ■» ^ylx (jt- 4 " SaULI jJIoj (_ 7 ^J 


4jjjL>JI Sjij _)Ij4I 4jaU 4j|_jjjj<l 

Solar and Heliospheric 4_uLi4ll 4x^41 - 25 
jaJ jl j —a L 4 J Observatory SOHO 

4_ftj|j (jaa iull 4jjjj'(jl cijaxe j ajU~ >-l 

l-al^A Lftjlj j_Aj . IojI I4j ■„ < C I 4 ] CjJlaj Vj 
Oil—aj. U 4l Jl—u/jl J^—uij fjSJ (^jVI (j-a 
cr^j O ua ‘"' I J>A>- L-uj-2u Sjjb J* JjJJJ 
u? tijjljJI jIj 4I Cv 4 4—*—^ 

4—oL-Ja. a Jl 4_x^_ftil i^jIj 4I cJji-H' 6^>" 

jJbJ . J^L-I J^JL 4J \-uj j-A 4J iu {j-C. JajV 

drx >> (jrU l—< vj( J 



ISLaUjJJtj I SL ul SLtt - 


4_ajl_ a —a <J-a_tbj S<_3jJ_2JU J-ua-o. 


olli—a £j \—£jl Jut £. 4—C^. 


£l_i3jl 
* 

>»| 6Mj ^a q j^.Ti 4__aj L La — 

*y-*3 5-0 g {xx 

(y* g. Luo J_£ Jj—L — l&'$\ -uu_J—a 

4_3lL 4 . , ^ i (a) 30.0 cm 

^JUDt uiiij C.qalLI LI (b) 4—a^L-Iall 

S l auZ i m 1.5 1 ^3 


31 


^JL^t.a 4-LuLj-J J^J—JLl (JjLulJi 


La-32 


^-a 4_j_ll »uaJ La J <r. a. aj I 4 -_lLL>. 

Laic <L^r L < a > ^jL_uai_jj ^^vjILkJI L i.'s\ Ail 
S 1000 kg «jJ j-^3 i 4_L£ £> L* 

42^> 4. fltLall ujjjLu^c-c! 8.14 |^au. aII 

jU^Vtj LuSlj5Ut 

^jL j! Jua 1^3 jjJU 500 kg 4 q.l j L j> .a .4 — 33 
^ Up —a 500 km £l— ojjI 

^-L-<-u j a fltl (J - Ui> 3 ciJLLjwV 4u?t_uJ 

.2.00 km/s 4 x.j_iqj l^'^LiLqj ^aL jj 1 j 

4_Ll_L Cxij_>j 4_3l_LJI ji J_La 1—a 

S ui!l£L>.^i 4 Luuu1^j 4_tL-L 

4^a^j5Li ^114 <^1? 4-uquJJLj Lj — 34 

4_Lt-g_a-Ll I 4x,^a->»XI {jA 4_uL<a3 4_LLu-u C*L*> 

Jua ^_a CjIjCoI 1 jt 

3 i ^1 oluaj Voyagerl (b) 

l^Lj-L ijr s 125000 km/h L&j! , L aj <L.j_uq 
^_)-a 4_3 L q _ a ^ 1 JlXJ . 4 aoJL \ 4 . ^ 5> ^L ^-i^_ua_J 

cJuu 4_LL 4-C^_uaJi uilij ^j.qa.aoll 

S 4.u iua LI I 4x,j«a>Jkl pLuaLi 4 tjL » 

^Jj_>. j! Jua ^-5 ^^juaj^a 200 kg 4_LL ^., a-3 — 35 

£S_L-qq ^yA 200 kill f-1-L3jt ^—Lc 

l—a jtjJlt (^) 

(JT& 4 L 0 LL 3jjJ J -4 a H ^<UJ i>;y SJ ^j5UI £>ajjl 

^yJfc La (c) S ^_a-Ll 4_c.^-qu La (b) S ^jijua 



P25.14 JSLi 

jljuLal -^L r 4.Luti JUil 4oJjl>Ji JLc_a J^>j! “ 26 
(3 Laj_L 3 i LuaJj M l^"ih5 4 »j.4j 4LL>J 

^o^ll 7.14 

^a r >_ \ y *i 2n La j4t. U — 0 (j \ j a 1 C 1 4 I 0 j-^tia 

.4j1^5U1 

kg 100 4 .uL~i 5> ( _p5j5LI ^(JjL_uj ^x. Lu^o ^-a-3 — 27 
yHS, 1_« (a) 2.00 x 10 6 m £l_iujl ^ 

j>.. .a ~aJ i ^j_a 42^SJU 4 — ajlaJ-all ^ -uo^ii 4_LIL> 
^L>1! 3 j_ 3 jljuaua La (b) 

S^aJi ^Jb Lo (c) a 3 II (jyL- 

L ^C. (JjLJI) j-a-3]i L^J j5jj 

i 000kg 4ilL 4-aj5Lii 4L1-L.11 ijr A La — 28 

4 Ja u_a_*_u^3 _OJjl I ^.L.gq ^j-a 

(jnq «»t! (,‘J.i.g ,~i ,.<u~i jl j —^1 [ 2 ^ 
LL JL3 4la> -^L^l Cr^i t n 

^ju- uta -t <» Lb^L.3 4 .a j ^1 1 —lj^ a. > 

(a) ^L 3 4 is\'t 1 Ljl .t a _a 

4»Lc_x. (b) aJI 4LLi£ uL-i-uj} *t. a 

4LIL (c) 4—seuLqq JL xC. 4 -^uoLj^I 4-_u3L>JI 
J-lc 1.0 kg 4-*I1 Ti 5 ^a-ua—>J 4 _Jl_>.LuL11 

. 4 ~* > * L r II 

(J! o^i ^ (kju_5_« jiiai - 30 

(^1 10.0 km/s . . Lj.^ij yA 





j 4—5 ^JJiil ^3>Ui , ill 11 4._~^^>L-C. ^3.<3 ,n/t — 41 

2Rp ajlz£ t, d.^.t j!j^s {jj6 ITl 4_3_i3_f> 

• 3Rg 1^,*^ J±\ j\±* 

Jlj»+a jrtj SUuisLgJI 5j-£ 9.14 f\+ 

tfiAiih-f'J 

L jj\ <t fci3 \a -jl j-«jua3 — 42 

j * iu~> i j da_>J 1 t\A > ^>a ITT 

• (P44.14) d U $.tAj t^j.sxA t 4^11 txA 

i ijr -4> ^H-w.u^-di! <LLHI <ujjL>Ji 3^ /jl 


F = 


G«f 


L 2 “‘^(2L + rf)j 


In 


P44.14 JSui 

t 3 3 2n |.~, ^JLa. M 4 ~l~i ^ ^ tX~. i a t, ai ,juri-3 — 43 
(P45.14) J_SLJl R l_4>p>_3 «. ;, 3pb 

4 jj'^ a m I 41-» /n .iif. 3j-2JI i_ 1 

. SpjJI 1 <n/nt (P 



P45.14 jSui 

5iii£jS_o4L>J 1 3p in 14p ,,.a 

P (_1J—cu_j>J.I i^jJjJI op-H u! O^-i ( a ) _ 44 
U£ (_£-*-* 10.14 

T = 2jt jS 

V 5 

^ la^o ijr Lc. j->di J 03 t <4 11 4Jl?c-c. ljy j^ > g t Pj ^ 

I3j ^>^3-11 i j_a (b) 

S po-olt J>liw JjUjj iPjr.I jut? 


djij-d j. .4-dll IjlA 4_jOjV 4_^LL> 

aJlC. ^_y=>jljJZi\ ) 

Will 

4_CJ_C41J 7p3 C-JiLL^jj 4_ul_i-b_3 4 la 3 < a |.V7 | 

\ ^ 3 c.j-caj ^jj&j-i-u l^S 2 x 10 4 m/s 4_ul jJiil 

) 1 Jl_>. 3jLpp} L^O jJx. 

1000 kg 43 ItC 3H 

jl .i 3 d ^S”. 100 km djL* 3 a duli 33jl 
Liij^ rr 31 ^UbiL! 1 g3 4 Luo I 4_^UdJI 

S200 km ^ic. ju<5 ^.^dll 

413 ^Ji—S 3j—a 14 4 Jll3.iT 

t ^nni jJi _!s 3j_<s 3.7 <_d_u£Uj 

c.^-xjo. j (a) j V\ ^ 

J—il gJ dj-laLll,! ^pajVi 

(jr h c_x.ct—t^iii 4—<i_23 JlJui 4_u 31—>Ji 4^ r 


40 


i__4_sl_>Jt (jy 3 i^a 1 Cj^I— flVl 4_i^^__^u (2?^ 

j^a Ganymede jlujU ^ 311 ju*J 1 

j —k£ (Jl- —3—tlui, i 1 —*— 

4 ±^^ 1.495 xlO 23 kg 43 l 3 $j 2.64x106 m 
Oru 4 _^l_Ulj 1.90 x 10 27 kg 
. 1.071 X 10 9 m *S ^ ‘ .i .1 4 j k>-_a ^£j " i' l 1 1 

!_gj. ~I I.~I U 4_ujp jpaj liLl (^a JL^Lj 

4_SJ^_a- Jl_ajit (p4u (p4_j ■ jLp—C.^1 i_y£ 

4a—^ 4_uljjjJI Jl_uuL-».j ~. <~ulI 

(P14.41) JSLi ,lpK 




Ganymede 


Jupiter 


P41.14 JS^, 



ISoitSotl- JjVuiaJt) fU^Jt 




Joj ii <<itl 4_ujl_»- (ji (^u (a) - 49 

'(JT& J-ia-M/ 3^ AisLuJl! £->o j^>JI 


dg 

dr 


2 GM k 


Ri 


J_jit U A.^> 4_il_^ll £* ^-..i-Jl Jj-a-aj 
j. a * <✓> jIjl 3 ^ h cJL£ lit (b) gradint 
ill 0< l/V jJcl2 i 3 4_jjL2XL 

1 jlu I da^JL-ujl 4lar.c. 

: ijr & h 4qjj»ox 

2GMrh 


1Ag ' = R* 

h LoJulc Jj^-dd - ijLA 4,4 j ^ (C) 

. ^aJLiLL {ja ^aa f La3j! 6,0 m ^ aL_u3 
4lLaqqaa d^fi A yA HI 4_ijj — 50 


Jl*_j M R < 3 <<o 1 ^LqlaTu-a 

<Uj!iL>JI ki#'*- 4_bUo (jru (a) y£jl\ i^y° r 

‘ A ^ I 11 

U= (GmM/2R 3 )r 2 - 3GmM/2R 

4 ^jc. ^xjt3 4 Js^4_aJ! (b) 

{jA ^\i UI ~>> <. \>.\ ->il 4_qj3l—>j! 3J_OJ fj jJl- di 

. ^yjj 5^ ^-Lau^ 

CUSK. i-qa 1 J 2 4xSL>> 3!i 4_UuL*_oji ~ 51 

ujj, <<dj 10 —tii.1 j—<4—5 ^_Lu_tj 

TO JjUJI Cu^.i5CJ1 l^A a; 4.1a s 

4jL^xiuil c-.4-<.u- > .i .^. a.a?t I Jot ^ ]n.i.tt km 

4A^£ jJjLt-uJI Oj^.i5CJl L$j j_}Lc <^3Ji 

c-Luajj 8.9 X 10 22 kg 4 ,~it~ < 10 J i flU 

. 1.82 km ojlai 

1^. a .t.x^> Lx5^j£ juii —uj A —i^i j& “ 52 

J uJ w I ( £J^J ^ ^da.t u ^Ax daqA La JutX , JSLJI 

J^ju 4j 3jj 3^ 44 *n ii a 4_iLuaJ ^LaV) ^Jj jq <«ij 
Jqu 4LUII 4qjLua_flJi 4q5^J0 

iilxAi—«! .25.0 km 1 4 aj 

^£l L^j cr^b 

Jlaj Jt-Luq 1 In3. m4 1.4 HI 

Ijla 4Jj^ c_Axuqvl. 29.2 S 


V, AJU au 1500kg L*lfc£ 4 qIo~t 1^3 <CiqjuXa 3^-^ — 45 
4_u!iL->Jl 3j_^ jl Jl a-a * 0.4m lAjda5 

50g 4.~<i3 f> (^d^. 3^£JI L^j jqjq 

3^521 {ja 1.5m juu (a) ^^c^^a 
0,2m j_aj (c) * 3jili la i.u (^d^. (b) 

* 4^52 i j£ja £ja 

i. )a tTl | 31*1^ 4JL a-uz-A 4. qdaqLa 3 — 46 

4jj^_j£ 3^S Jl 4_C.j_a Rj La^-LxS 

J£_Jl ^ L^^-^jdl ^ L ^.. ax 4_5^— Jjaj 

uiqxij m 2 4jj^5Ji 3^.itid!l 42 L^j P 48.14 

4_u2L>JI 3^_S L r *-UiJ >-i . R 2 lAjd^ 

(a) £j-uz>ja m 4 uu>> {jA^- 

r du-t _^ r -c (c) j r =b (b) * r =a 

. t>ujiLi i y^>jA {ja AuAaa 



£)JjU3 

JLoc-wo ^ 3>_iJ! Jlw Ag M ol>- . u ^-^l - 47 

(jy ic. Jtaqii! Julx. j,a 311 i^yC. 4_>oijj! 4qjjL>Ji 
. 4_tX JuljVIj ^_a-ql! ^da-^ 

JLa^J g Ag M /g a .1 

^jX. (Jj JL t «U jA ^3^qiJl Ijla) L yi>j^S\ 4_qjjL>- 

jJL>Jij jJl! 

j..la4 l i^uajj 2M , M 1 a ^ j *<h5 ^jLj>5 — 48 

^y 3 1—3—alia? .cy-Uj—xl! ^dx 3R , R 1 —a- 4 La 

La $dy£j-A Cju 4,^1 <all O-iLaJutX (jjK. ^.xJ1 
l—aJuA 1 a ^ < a 4_X^_<_u La . 12R .< a 1 

—33 ^b^JI ^)i (jrfO^JLiSI —a_ii—ua_3j 

.daxB 1 a-^*^>» m 


V'UJ jlsfcjl .*.4 jL3 


ItaLall 1-*-*^ o_j^“ (_^3 (jUjSLi 

£jl ^ i *~t 1 - -^.t 4 ~*-j~n .4 _uL_£jV I <i ^!» 


(a) jkjLuaj 1 a ^ mi tli.liir.jH I «i g inti j -r. t 
JL».jl d la ^lj-S^X 4-31 tall (jj£j 1-a.l.lc. 

I * ^ H ^j-A (J-^ 4-C ^ ... 1 43 

t_j£j^ JSJ ^£j ~>.ll 4_3 lLj jlj>-jI (b) 


JLS lil 3> 


-y o 


J-+* 


j m 2 = 8.0 xlO 24 kg j mj= 2.0 xlO 24 kg 
r 2 = 5.0 XlO 6 m j r ( = 3.0 xlO 6 m 

4—>>!1 4 j ^ 4jjUcJl j^ys JSt 4-Iaj) **• 


4_k 


►JASCjS 


(jiajVlj ^ii<i All H 4_3l—caJU — 58 

4 _al. a J-Ja!j 1.521 XlO^m ^jl uj 

4 U s .i.ix.) 1.471 x 10 11 m ^jl_oJi 

Jilc. 4——uu CajL^ tal “*fl 

(a) oyL 30.27 km/s ^_>JI <U_lj 

4-3l cu. -q Jl a jI J .i*r. 4jjl jJ.1 <Lr.j. 4.nJi 

4-3 LU (b) 4 In 2 ) QH 4 < 1*11 4 JT 5 _JJ L.^JUU 

4-31 u, 4 Jt-fci 1 . i ,}c 4 __ 3 l_Lsj 4 ^£^ >J 1 

4 j_i£JI 4 —sLLaJt ♦ ^4 a . /*Jl Ur^~ 

l— J 4 rt It ^_uG 4jaj -rt — d 

R I Lsa M — 59 

4-3l,jJU <r^ jJuj j—t« Uj 4 afriiia 

(a) 0 < r < R tlt-o. p=Ar 4jjb».a U U.U 
jjua (b) 5 R, M 4 JVjlj A duLUl 1_a 

m 4 ~i l~i < - Lii ■>• f^i£. SjjJJII Sj-ill 4-3 V_c. 

Oj xll 4_3^l_C. g-u3 (c) «^£J! £_j-us^-js 

4 -Ioj cr.l a ^ J^SLlt ^>-!j |<>j <,.i ->.11 ^yLc. SjJjlf 

jjjj-jJI (jl Jaa-Vj 14.10 all (^l £S-jl 

JliLaia 

t_ufcj j^jJi (J«.j~i H jt.,1 S-a (J4C. (a) - 60 

^•LdjjV 4 jl3jJ 100 kg 4~tlx5 (_yl^- 4jja 
(b) ^ U ,„ j . *4 1000 kin 

ljL& jJ ^kj^UI —UD^/I _uJl jl.l rt A 




.L^i G.K.Neil c> iil 1974 J& - 53 

(J^L2u ^ 't~ frLiJrt all ^3 4 j ) i «n 0 j a t .* . .l a 

30.0 km L^i^Lj 6.0 km U^Lis 4jljU.»l 

Cj1j_j3cjj (jJLx L^j i. a «* mil aJL3j 

<.TT .... iiij ^ii-ljJI jn II (jkc. 


i gi5Lat (_yX_jj »1—t-tlt^n ajuk 

.jJjj-LJ! L*jj _Tr a Jj_>. 4j|j)lr i»VI ijtjJJU 

a t'jj . ..VI (jljjjJ 4—a^^UI 4 c \ _uJt _a 

,_pajV! 4_ujL>J <1 jL«x 4_0jjL>. tlij-aso 

. 4jljflrT.»VI ^1^- 1 t . \C 
WEB 

J a J. I -- ~ . ..I g.L^ t rtll ij a n 4 ^^3 j57 j 54 
G _*11 «-jj t rtt j-'.i '4 ^ 

1 4 &jj >-f (jjj («U 

cjru 4^UJlij 15.0 g 1 OJJJ !* 5 k g 

5^—3 j!J —a _ a >»1 4.5 cm i 4 jj—£j _ a 

jJ£ J-Xi J>sLjl 3 ) .(jAJjiil i>OU (2rv 4—i-J3l->Ji 
Jl-Lc, 4.1ri4j L^jI 1 

<—4^3^ Cy* 4 -C-J-UJ jjf (j\-s — 55 

< .a isx.i LjJ>j2o (_^uLuj 4 ^h*i i a 4-1-31 *i 5 

j i^4 

(j—f i . .. jl) (_P=jVI (jt < _>io > 1 -a } (a) - 56 

VI ^LxxJI t x i^i- i m j j ^ ~~ ( _ 7 jkj p r I [j~ *al~X 
t iiiii'i (_$l .1 if 4 j! (ju . Lj_ 9 _vJi 4-1SI a *i a L^jI 
4_uiiL>JI (Jbfc-o SJl -ui tjjisjVI t _^>-lj I 
4JU ilr>a 4 tl jljuS-x jlj l aJK Jyji ^(r) 

2/3 (2>£. Jtj^j tilLltk 4 4l r,<tt Cj_iL^ 1 3 } I_a 

_3dJ 4^-3 Lj^J! i U 1 ..j " A 

j-uj—j- a ^j! Cl 4 \c Iji (b) r jU ^lt 


4aUtSUI LaJLu 5.5g/cm 3 ^jVl 4_ali^ 

^ 1.0g/cm 3 (jiajV! ^c.t*> 1 »if. 

- ,_p3jVl (_yl£. 3 g/Cm 3 (jyllj-»-J dll U J ~>tU 

Sciiii lliLa 

WEB 


rr^, nij 1 ^ ^ ili^ ^jl_L <^1^13! < 5^S> |61 | 57 

tc,4-uj_iJl f2, Tj 1 _o-A|^U- 3 c_kjua_tj 




ISLpL u JJlj ISL ul SLdl - JjVlgJjtH) ^UJ_u2jl 


Jjlj ^jjLuaJl t4x.^_Muj ^jjLuaJl 


jJ-c-A I j iLxa. 3 4 _u \ 3 ^.. 3 ^_GG Coo dJJj 

<jL)3*39 (S3 —:>d! -*Ji dJLfLq—5-1 


cJ^-oJL! 0 G 3 y jju u a.U SJsyLc ^iLu-j-ul 

lA 4 si—i-ttJli r 4 _!!jJ> 

.r, R , g 4 ]Vju j±jj\ 

<L3Li.ii.x3 La-^OJ.} ,J.x.oa 1 m , M La^qJ.^ <jLc->o — 65 
j-^j-° <lP !j cjIjIj-h ^ obj-^j d 
<U u' OH (fig P69.14) U <j 

ibbiLi 0 U«j iJjjj {y>j 


T 2 _ 4jtV 

G(M + m) 



fiys ^lill £)■*^-U ^a. jdrqq d 4 _Lx>.^Lo 

in'i <QJ ■d 22 ! }Zjj> dojJ u jjt (^UjocJJi 

.(d=rj+r 2 ) c^p. Mr2 = mrj <jl 

^ylc 5.0kg L&jl j_3—■< 4.Lj^ oGJIajl (a) - 66 
jl jJLo La . /ya 1.2 Xl0 7 m Julj 

4 -q.uiqUj l—^J cjj_S*r_JJ 4 _Gt_*J! 

2.0 x 10 24 kg Uji.t s «ai- < i-.^iu t (b) 

.i_p3j^M {y* 1.2 xlO 7 m juu ^^Ic. 

<LxmmuJIj L$J ,tt V) 4 _Leo*Ji jl JuL-d Lxa 
0^kx-*-j i ff * * u > H <jl { J^> ^LbI 

^ Lff^Jj-*- 4 ^yA 



. ^LijjVi ijufc jJlC. iJ^J^ jljuo {jr& ^.x.u^Jl 
j 3-^1— Cm ^i—jjj! cr-k- —to —fL» *Lui — 61 

3j_}l — to X 4 _*_ til dji^i _ Jj] 

3jil_x3 4- L l ^ L$_sj JlG 1 Hi ^31 qo.3 

tji-Aj-? i-u t oGj jjJu 4Jj LG d 

jij—x3 ^b j^cG 4. 11 cli.3 cui\S !jL_b t5ms 

20 4ili~i- i 3^—uuVl t- 4.. a q 11 

5jl jJ.1 o a.isi\ ji jJia Lo . 

4_*_>LoJi I j ,^j u xa..Ju.11 (j^ui 4B5k-*JI — 62 

Milky 4 jL Jli BjpeoJ ^ga.ixia L^i 

^j_x3 o-jj-, .2 .U-? j ^_till <ji d. io Way 

galactic ^>pdl ^4_p>.jlJ*JI 4 _bU>JI 
(j-a 4—ijj—G 4_du 30000 j— ju disk 

4—c.^_t_u 1—4] ^ t < x a til l I— 

jJZj-a 250 km/s ajjIjuq 

U. A -xj J1 4_^2—^d ^^^*-01 i—X3. 

OJ- Jcl. xa 4ll£ i _y_A. La (b) <3^_q>d. 1 ^B Lijlj^o 

4_j^£Lx ^2->dd o' {jy>j —o—si • 4_jl-dJ I 

3 Ji^. yib Lc . xa.ii J i ^^Jiq3 ^a^q>0 k^_xd^*_x3 

5 4jLlUI ijr B 

yJti jlwXll jjyB ^^JjLxqjj LLud j^.xa B I — 63 
^jJl Vanguardl jjl_$pGlB 
tfjl j— c ^yB . 1.6 kg 4—niq—£j 1958 ij-uji—« 

jSj^a CrUJ 4lu 43Lii-< Jb! cCuL^ 

4l^>tf <!l ojjti jdc. 4i c.j-i mj 7.02 Mm ^ojVl 
J —^3! (a) 8.23 km/s —g—>JI 4_LxGj^ 

4^j^od 1 4qjijG-o Jp»jl (b) 4x&JI 4BLLJI 

4 Li xi.) Jl_*_j1 JlIc 4_C.j _t_uJI Ji_>-^1 (c) 4 jj!^JI 

(d) (^jV! dC^i ) ^jVl jCj-^ 

cA^- (c) ^ t jjohII uxixqai jLl S-.ia 

LjIJ- qaX. D| 4_ulj_qj] <LC,j. u . U -> ^3ji_to uBJLB — 64 

Uj = 2 Rg ^psjVl ^ - L > 4X/ Jjoa Cr ic? ^yJI 

4 \ ■} 


g J a J ^ S <. a is\ 3 R 


■m3. 4^3 ^-Lx-mj jGc j—>J 


i Jo 


>> 4 



:^tiC £-ji 


ANSWERS TO QUICK QUIZZES :AC^uJI Cil,(ui2l ryUj 


t4 j <0,1.3 J ^ici J 3 3lb Cj^L-SVI 4 

3j_a ^1 3^j_ju 1I ^jt-w <«1 V (-d_al Vi 

. (4Tuj jh>. (JL^a d*£j5 jJs 4_iL^ j 4 -uLj 

3j. i art 3i ja. ts> tu3 4 _ujL>J1 o y*, (3.14) 
3j3jJ.f 3j,3Jl ^j! v~x j..•>- (25.14 b 4hL*_4) 

4Hj1j 4x.j~t.uJ ^xu_tt->J i . j h.is> ^ jLu j 

3j. mi 3tl £jU>. 4 _j-L-«£>^I 4JL^j—>. <>lx>ul 

4 blX it jjxl 3 *2 2 ^j! 5CJ jjjX—>- 

4jlijJo (jyi-£- i 1 a'} * j dU'j Juu tfjl in.a 


(7.14 4jjjL*-t3 ) cJQii j-L^ q^jLs ( 1 . 14 

(jJjjjJI LV 0 -)-^ L)W i_-i£1j£Ln ^ j o y} 

Ij-tuj .r L-w-uLlLj Ut^jlil 

(j-u-4— tiJI £yi j —*_>i — -j —tllij 

4_-u 3U>. JL^-* o^3 1*4^ 


<yA \£j -^—tiiilj Jj >*3 ^ ' iC <■ 3 t (JJ ^4 *31 
^ -*-*£- 14a.t->3L>. 

; 3 t i 3 >! 4 _jj_£^a 4 l^c xj j 31 _xj <__i£l ^£21 cilij 
\ t\$ 14 yA J jdlaXu jJx. 4 Jj3c_jl!I yA 

c5jJ J iVj 

J? 

oj£i ji^ asteroid jL^JI <_X^SLil <£& (2.1 

<j! ^jtv.,„~ dLl cusu 1 








nl^> 

Fluid Mehanics 


J* ^4 

15 


t Jtrtritt 1 jl& £y+u3Jilj 


Fluid Dynamics jjIjXI ISLwLui 5.15 

6.15 

Streamlines and the Equation of Continuity 


Pressure ^ __i^alt 1.15 

j -v* Tl .u 2.15 

Variation of Pressure with Depth 


Bernoulli’s Equation ^jjj. jil^LsL4 7.15 



^U1 ijliij ilrnli 8.15 
(Optional) Other Applications of 
Bernoulli’s Equation 


Pressure Measurements >F>4<A1I 3.15 

jj". *2^ * 4,15 

Buoyant Forces and Archimedes’s 
Principle 















(wUjtjjfcH i&ialljailj lSLut£-Jl - JjVt pb^uj}| 


;^i.V.Vty ■■ 


<jl ^Jbu <LxjjjJI Laj_j_>- (j_>o . 4jjLiJij <4_£UJij i 3j^L>J! :<LjjLiIl CjVU>JL JuvL ( j r S 3_>LU Ju3-jj 

4_c-^e-=tjj i—3jj-*U <dSLt!iu jliLc wijJoil u_JLa5 j jut-4 cajIj jJ^Lxiu 4 J ju«L>J! ^ <<>>Ji 

JJu^Q ( JSL ^ L 4j 3Util U . JJu2*~« jjSLju 4_I jj-aoJ ^jSJ JJ3C_>- 4J JjLJi (jl Ltiij} LijJU . 4_4j| j 

jtjii p!n« o a Loju>. L^j! VI «3.*LU cjVLjv jj_.ua} lii u<l l_bLuojVI j Jui> . jjusc-a ^-?e-a.Vj 

^yic. uf-Lb uJi3j-Iuj jj-uoll £JL& (J5 -j_a Jaulo- jl 4jjLc. ji 4 -LjI j.u jl 4-iluo 3 jj .uo ^1 (jj5J5 (jl (j^-4-> 

. 3jlju>Ji 4 jkj.}j >-lajLuaJi 

L£ iji L>3 4_l_->-jI_>- 3j^ j_uLIu I 4 K Ju jjju La 3 jLc 4u9jJU-i-uJ ^ jJI 4_>qLc. 4_3_uojj 

. J^Uji joqL>. ^ < »-?e^ 3_iUU udl3 j r<»/ f a 

(_£j_3jj 4-3-jjuuo iuj ^jib LfruaJU £-a 4^ < »! ^ "i aj j ««r jSLuoJ 4 j3j^s oLjj jj>Jl 4_Cj-4_as_-o 

.£-j|j/a oljLiJtj ^JjI j_uJI j-pxlj . jdl *LcjJI ^jljJlJw I gjb j3jj 

J-lmJL J {_y^i 3jUJu>. 4_ul_jj_t3 ^_il_UO J JjjUJ (jl J-L^uV Loi (_£jJ uJij^uu /CjijJll ISLuISLjJ, LlLuuIjJ 

^ylr. jjjj ^^y-jJI 4_iSLi->a LljJl! 1 £j3jJ! 3jJ3j 3jj_q_*JU ^l_«.u.>.Vf Cr^- ^hJB CjH^' J-B-Lall i£ j3 (Jjuo j-^ljlail tillj 

idjIj^LLaJI 

£jLx ^3UJi Jaiui^aU 4_3^Lc. ^HuLt-u >j ^_jIjJLI lSLuLa_<_ul ^I 4_i^LuiJI ISLlj Vjl ^JjlXu_»-u 

4_£j_>. i. 3 is~w jjl LllSL^-ij .j_j|ji,l \ Juum ciJJli Jl_ju ttij 4jiLS£ij ailju^ 

^jiaJU t?JLA ^.jJ^ucl-u.I jt<laxuuuail oLuoijU^Vi ^ 1 > )3cTua lj jjIjJJ 

(ji j LuSLa JlilJU jJj-lajj ^yic 4 JjL*_> 3 jal < 4an-toialjl <_j_-4-AVI Cj I j CjVL>JI 

. jjU. 1 ^^3 4ia3.) (_£t jSc. 4x.j-uJIj 4_5l!i^J| o Joi-uaJI 

PRESSURE JL*k±J\ 

^ i u ->■ 4j j3Qj (jl Jut>-jJI jl^jvVij . JlAII obl^l jj (j-o3Jl CjbL^uxI T>V 

(jjSu Lo ^ <■»>. Bj^ii (jl • 4 Ini i's> (jyb, ^ jJl ji^vVI j-A j_jLo ^^3 j j .*a_ t ./a 

oUt^ 4_La JU j|J_J 4 ^u/L-l 3 (j!C «i JaJuxbj 1.15 (jSLti L*£ ^ <^>JI ?r .Ira * < 11 (jyb- 4jJj 4 ^. L«ijl J 

.2.15 


^ 4 U i !^\ jJc . (1.15) 

£jU! ^3J4 (ylil 3j3JI . Jul^- 

3j3ilj . /ylc. 4 jjja£. (jj^3 

.*Llj 3I (j!jju>. (ylr: ^jU,I L^j jjjj (yl}! 

. 4_Icl3j (J \ Ju£, 4-ij j » r . j j5j 



(ju/L 3.1 4 Ia._L. 4 -uj 4_3 jjJ.£> (2.15) 

^jL«j cLsJuuajl 






£jt1 SL j 15 u4 ijiuC' I 


jL^.->J I j~aju La jJx . j_) .J i^j"i a (., ojo.L. u l\ a [ q 0 ) 4_Xj. n.A 4_3 IjL u I ^j-4 j1_4 j>J t I J-£> (jj^SLuj 

(jx 4 _>ijLl11j ^jl 3^3 JJJ 3j_3_!l ^ -l 1.0 3 Lil^-ajjJi ;.lo-*.<Jo 1x3 ^j.n i5vJU ( _ r L- £jLU > lo ♦ aJoj £jUU ^_,*1 

3^-331_i_a JL a .<>> ^j_uL_3jj (jx 4 _o>oLJ1j ^jLo-Jl ^\ 3^3J_U 3^_3Jl 4_jjJL_a £_3lll 

JL-i-uoJ! JLiJaX 4 »Io3-a 4ov-Li-u.aA j ^jm xfv 11 ^lx ^Jjjp ( JT 3_1! 3^_3_l! ^_<S> F <Xul£i !3l . 1 <\ 11 <ia ^J^X jJs jL^oLl 

: F7A 4s5LiJL ^ lojtj 4_Jl j-ax. ^jJI sic. jLLoiJ 1* 

F 


P = 


A 


(1.15) 


. L yuJLl\ (j^ix. 3^3Jl i 0 I 4_4_l 3 *-4 u^_i_uLtIu 4_j^ 4_u_uLJs 4 i ^ < L * i3o jl c>T 3^ 

c-ulS^ !3j. 2.15 (j-ull jL^>2i (_ r ix ^>3 Jj l-LiL 3 (jl .^yojlux j . La 4.L.3 i Sic. 3o t <3o 11 lIs^ju 

jlp-^^?l clou 4 to 3111 jjyJx- ^£^3_>u G?A j-Ju-toJl 4_ukLZLa 4o>l m a (^^ix £_jLU 4 to <.»l 3j3jli 3^_3Jl 

j <s 4_Lo_3_tJ! ^» i_\ a j if. *L«■ >vtl juJu x 

(2.15) 

4_JL$JI 3^_3Ji 4 mi -^j (_t^J c5^JL> j—jJl3_j jjLq jys Cj_}L>JI i_L_i_t3iJl . (^LjJI ^..i n all ^jIuuj Lg-5> 

.l!ojL>JI ^rlo ^i 4ov.Li.u_4 t _ r lx 2.15 4j jLlXI (J^LJj so .(jl <- 7 x*j < ^Lx^J ^3o-i_u-a uLajLx ( <jr i c ' 2^3JJU 

iJ7 3 .(N/m 2 ) —4 j- 3-4 (3^-1 (j3j__uJl 43JLov.C4LowLi-u-lI 3jU>-j (jjLl ^_A> Jo_i_t3aJI (jl O_io>. 

Pa j^ajJLj 4 ] j -^^13 • Pascal JLL-uLJ 1 3 -^j 3 jl>.^JI ^ILl j->>T ^u-ul SI <jii!ji 3 »jU ^jjJI ^LuojJI 

1 Pa = lN/m 2 (3.15) 


F- ^ 
dA 


ciLajJs ^Ix (j_ui j 4^,1 l 3i ->J1 (^i (jj^_>o j/i> u3j t rtl^» 3^_3 uLx-^q <. 333 uiLl (_^oj_3_sl 

(^)oul} 4.1<_t< 3^ c_tx5( (^wo-^—ioiJi lju& (j^L (jl (Jo3o_B^M (j»4 (j j^SL ui. » (J^-5 .4 _jI J—>> c -<- * . ^ . i 

. c_-cj-i-uJ 1 (j\j> S4j 4 1 So- (j.u il3 3wLx_«_u ^ I i(^3ai 


.(3.15) (^3 (__F\_dL S'~ l - a L-o>3 4j jJj-lm c _ r ix 4Lj^-.l 4.1 1 S Lu_u 1 j^L»I 4JL^lo 3 j^UDL t-4 iJJL3 

5cilI3 (jS-4J t 



(_y3_3—C. ^3-4J Ju_Jl>J! (_ 7 ix TtJjJlJl 
L^i 3^3Ji a^-3j ^4-2 Jl_3_>JI 

J3j ^s 3 »5 3^ X 4_3wLcxi_4 J_4_^l (^jj jij^LU 

. XlL >31 (jrL- LiJuJoJl 



(3.15) JSJZ 









IS^jlSoXI-JjVIf^JI) cb^l 




uLaJujJal (jyjs L* 4 ,5> fjljL jux ts>\ (y^J 

^j-o^jJlU u-uJlII <j? «.la.->-^ 3 m - 4j j-JUuuLfl JflL»-Vj (j-uj-ijJt 

l 3 tlr> . U.I OJu>oV -j-uJjjJI 1 *MJ y-LcsVI 111 CliJuSCJ 
j^JLc. 5j3ji»i 3j, 3 11 j^jL_<_uj .^.>V1 3^. 211 oJLAll 

uLxiuiaJI ^ya j j^ i ^jfif vl^ dajLuall <jl VI 4jlxi-*JI 

^43-L.uil 3ju>-j 3^3 JtaJuuall (j\ j£ JU^ .4-m/Ij jjlxll 


L15J11# 

4^3^11 ,m q3j ( 3 ) 30.0 cm 2.0 m 2.0 m 1 ^4 ^jLo 

,yb .UUfcS ,>y ( 1.15Jjjo.) 1000 kg/m 3 ^jLou *UI <>^1 
M = pV= (1000 kg/m 3 ) (1.2m 3 ) = 1.2 x 10 3 Kg 

jjk frUI (jjj 

Mg = (1.2 x 10 3 kg) (9.8 m/s 2 ) = 1.18 x 10 4 N 

jjjJ! (jr^ Ul J»£j£ U3_^l l^-A (jj 


♦ 4if> 4^jj^U <jlfi I3j (_p3jVl *U1 4 jJl*j ^Jilt JaijuaJ} t— *..iu > -l (1)) 


<j? jc>u 1.15 <JjLu* jj^-4.0 m 2 51-11 4_p^JJ as^Lluj* t 


1.18 x 10 4 N 
4.00 m 2 


= 2.95 x 10 3 Pa 


da»lj3^4a*tdj0°C Sjt^*.2 l>.j jCt>i liS (1,15) JjO*. 

^(kg/m 3 )3u#usj! sjlui p(kg/m 3 ) aiusit s^i_tt 

0.917 x 10 3 

ooL>. 

1.29 


7.86 x 10 3 

Ju J--V- 

2.70 x 10 3 


11.3 x 10 3 

O^luaj 

0.879 x 10 3 

ui54* 

13.6 x 10 3 


8.92 x 10 3 

ir^ 

0.710 x 10 3 

t ^ 1 1 f I i Ill! 

0.806 x 10 3 

LrW 

1.43 

^Lc. 

1.00 x 10 3 

*Lo 

0.373 x 10 3 

j t iS\ 11 ( , ,",1 -w. 

1.26 x 10 3 

Oih^- 

21.4 x 10 3 

qO^L 

19.3 x 10 3 

i—xJb'j} 

1.03 x 10 3 


1.79 x 10- 1 

jl£ 

10.5 X 10 3 

4 *>*211 

8.99 x 10~ 2 

(jry^-jju^!! jlc. 







JjljU lSLulSLt4 I jJZl£. i yuA\±*X\ J<rVrtft 




VARIATION OF PRESSURE WITH DEPTH d^JuaH \2J? 

*£tJL3jV! Jcti-uaJ! Jilbj . j-a-aJ! jljjj cUi >U> ;>> ^ji {jja^aljj-J! 

. 4_JLi CiLcLajji Cr^ J ~4aJuiaJl Q-i>- {jja otjjjlrJl c juS^j 1 _lu^I t i j 

c.3j-JU *(1.15) 4hbu j 3 ^ ♦ J).c- til ^->^3 f^ 4 Lxia>. 4aJu-t3aJI j! jj-j Laj. 5 ^_uajj <_2j_i_u (jVl 

tiiijj . .ilji! (j -a JkjJuJj 4_bliLIi ^-Luu (1.15) 3jJu>-j P s ftl/V ^jae_>Jl 3ju>«j 4l3^ L^jl *-*14 4 *4 >'• i 1 

c_iLiJl 3 jIj_>J 1 4_a»j.> Lr^* 4jUJ 0^ 5ji^>JI 4 j-^a T u 5UJ-3 jjjl 3 3 ^ » .«il 

(j-%. A>.|j dbjt_uaJij ^^.ij.uLjj j a.uo 3jij->- 4_a*jJ> Ju^l) 4-jjLuJtjl u_3jjliaji Ca>j <Lj! JLa_a*V . £..»«i .H 

oUL^U ula L.U jJLa jj! (>Uj JU-iJl ! JlAj . JJjI jj-uJij 3ju>aL>J! ^Lcu^Vl 4iiLilf> ^ys 1/1000 CjijLiJI 4 *li V 

jj^LaJI ^Lt_u_>.^M oL!uj->J 4_u_t_JI 0 I 3 L M pAy i-3jjiaJl ^JUb 0 ->«j 3^*-!!! Cjbjj_>vi 4_t.. .it 

P (J I a ‘ ‘ “ 4.15 {jr^ Ui5 JJrll ^yOjJL-A jAj (jj5Lt.uJi J ulC. p 43-3£jLa 4-1 L>. t j-uj JJj u 

4j| jLa_U ^3^4 .3 Sjj-^ja ;3^UU1 Cy* * uLaLi-iiuM-J <3^13 j~y~ 34 l?' 1 -*-* 13jLj i^i. \ .1 •> 

ij^C- J^UJi 4 jJ_?cj ^jJi JaJuijaJI ./l J) o.r. ^_La_cuJi Jlj-4J A l.g «L>»L_t_u_^o 4-4; 1 * 1 

Joju-uall 4ji $\<ciim'AA ^_Lxj_aJI ^.Ic. t \n * i^i Ii $ p JaJu-ualt jJt 4jlj.La-t.tj3U ^1 a t a. 11 ^Ja...ti 

f > A j-A 4 j 1 j-La-t_uVt L?-U 3-^UUi L^j jjj-J ^jIjiJI oL->oVJ *Pq ^£ 3 — 

^3^1_t-Ui 4l3£j . P qA j-A 4jtjla_t_u3iJ ^jlxJl ?r.La<ttll ^J] 0L_>u3M ^3 c j_ali .j 

4jI j-La_t-u3? 1 ^ 

ijjb 4 jI jXa.t-u3fI ^3 ^l^Ljt-uIl £)j_$ oM ♦ A/ ~ pV -pAh 
. \j a if* (^jl an L^.alc. £>j3 j-U ^ > j 4 4.L^>..ct^o 4JL>. 4_j(jiaj-uV! ^jj j ■> 'Mg ~pAhg 

(jf j^>o y jjrtUJ c-.^jJ,! i>L>uVI jib ^ji*JI dUo^l jLjjl> 1 1 

2 F y = PA- P 0 A~Mg = 0 
PA - P 0 A - pAhg = 0 

PA - P 0 A = pAhg 

P = P 0 + pg/i (4.15) 

3-J^ jtJo-i-u C^>u /z j-tj—£- P t-LxJi JaJl £^1 ^1 

* Pgh jijuJL$-> ^j—>Ji <.la t <>41 ^_yi J—yZ i J—^eJJ 

(^jL-uj ^j>J! JajLuaJ! ^ji Uib j-u ju UjIjLui •“ 





3_j c. 3 j. (4.15) JSU^ 


3^_3Ji j^sL-i t-o ,^-ji^li (_3-Q_xii <—>“ 


4-aixi-U . 


a.u, 


v <. ^ 

, ti .* .,%> .i.,..i.n 


P () = 1.0 atm = 1.013 x 10 5 Pa 
■U*itil £.AA±y~ (jy-U 5 U 3 LQ i.laLi3a! 1 jjl3ju 4.1 5 ^^3 

. v liZ. 0^~ I t ^ 




tSL6ISLdt_- JjVttJaJI) 




i-tji(jr^ (JjLciJI 4j j3Jj ^ JlII Jo-*_-JaJ! JL^I 1 1 iSLa I I jUL 4.15 4j.iL*—a jjLaiLJul .lie 

. 4_jij)ln i „V1 

J)4 « It ^yix. J-4—^—SO *_SLU 2 a_ »-unjI (jj Cx.j_>- 

Aoa-u /)t JoV ^g.IaAtf Juc£. daJoJnJ! ^^3 Sjjbj PqjIjuL® 

3j—o jLJui jb£ ^3 # all IjLAj. joLll 4In 2> ^1 

Blaise Pascal ( 1623 - 1663) <^jL ur ^ J Ji]\ ^JL*J1 

JoJt iA 11 <^3 J. J 30 4Jl ^^yic. ^JVfx—t xjLj Q^jLJs u a. j Xijj 

^ 4_In.3) JJLjJj J-jL-4 

CjLq Ji-jr ~< juu 1 (j -^3 4_ : 3^_Ilj^ ; j <j£jJi cL^pit (jfjJ-.n* ^Jjj 

Otc^ ij^ ^ ,5.15a JS^i^aqjJl! c> ^£Ltf JISL^L, 

JSLJt J* ^jL^La , U;.>.!1 At- 3 I • <- I lt . r - - f U 

w A j 4 ,«>id 4 4 -j>-L-*_ u—a ^-uuo jui\-q (_y-LC. > j 3 j ™ / ^5-^ <J> (l •< > *»I 

>-Lxxxia-! i_3 . f-L-3j}Vi * yj-A-i L_$3 /-liJi c 

“ A 7 4. «.In 3..4 4 -^L<- 4 i >3 (j-u-tSLa - _!! *ALU J}L>- Ja-i-unJi AiUJj 

. A , B , C , D Jailil J-4n z ^ \ 

P ~^jlij (j-oub>J! bjb.uoa O^-d L )1 4nJL-Jnil COJV 3 

l -3r.l-<A*i ^JjaL-t—4 .m) L-4 3 -A 3 A 7 /Aj jl Jl. 3/4 > Fj 3 3 311 /y3 j. j. M /L^ ^3 .311 Fj/Aj = /^ ^2 

LaJ l-Lc. j-oou^f! c-ul_>Jl ^jJt ^_?c_>Ji . JLpJ 3 'tj J-^LU ^l Cijv -3j^Jl 

^L: I It LoJLlC. ^Lr. t (jyll 4_3Li_uJs 3 1 nl 


-. ‘^LI- '-t. ' 




(^rUuoi l ^ .ux«- aj 41 1 ^ w-i-xjLsV! j)Ju 5 > 

‘ mJ 1 *L_>-l ^_£ 7 Ll_UJ_<3 iLit 

1—3 .3ijVi i L_I 

. A , B , C , D Ja-3.ljl J-Lc. 



‘Ly^iJ > x i 4 ^ ^ cr ^ j (a) (5.15) <3£w 

jL-oioJI ^ylc-F j 5^-3 . c7 \_uL>Ji -yi-C. ^ lo ♦—iJnJ I ^jL-i-a-ol 

djLi_^ (b) clroi—Ji c 4 ^- ^2 ^.2 ~i ,L< ^ * 3 —^ cjjlj>»j 
Cj!jL_»_uJt 4 >oJl 3- 4lort-c {jr 2 4aSLJjj 4x3Ij dJa^-ut^j 4x.^3^-4 








ISLulSLya ij./lif'. 



(6.15) J&u 


^ Lr. 3j 31I <, 3r.l AjLaA 1}<514.* cpl A|di — A2<1 o i *i 

S c ^)_4—*—j 1 rt 11 ^jb F j d j — F” 7^2 (31 • . d j /(1 > 

CjIjI .L < n 11 jAijJ Jj—-« 4 l ^.x5v.3-ll ^yA JuJj *J1 4_.«.<l 

Jl. aJL^Jl j Cjljl j <nil 4_oj^_>. cj! Ficy 4 4_4jl_> < • 

( rtVtTc^o {J j£ <La Jl^-**i < till Ijy* Ju JlaJIj 4 -iSLJjjJu^JI J^ol } . 


.^>1 y « 


l g.io.1 3fc a 4-3j..3iU cL}La_xiaJl .j^a JuJLaJI L^j *_}j_jlj>JI 4_ji .»■ 

jjuuz l luiLa ^ *13 . 3 o (j \j I q^53 I313 (6.15) , 1 

3jJ uaJ I ^_UOJ—4 1 4—£ 4 A A2 l/ill - 4 J.lA..< .J I C I 7 


. 4_A! 


_p) 9 * 


4Ul«Jt4 > 

^LILj <_jjSw]1 . 4iA~uot j —>- % $\^ i—4 AJu> 1 j 3 uu {_yA C_}^A (j-U 33 c-^-aj j 

t—A_JI 4^j(£Lm j l ^lA-i-uJl t,..A <11 *131 <—) 1—4 _u_lJ 1313 . l A ill ^yA <—<5H.au -i.) j^jJl £.131 c <*'1 , » 

t 2.15 <JL1* 

3ajLuail Ja^JuiaXl ^1^-gJ! ^jAtlAaj 4_gjA. dillast-c <Lo Jl^AaAU 01 j l_i<<3I 4 j»AI^ ^ T *' 

ijui&A J^L>. jAJLu Ja_*_AaIl 5.0 cm <?jJa3 <. 3 ^ 3 ^ 4J j j. a~ud & » ( , l« 

13300N ij3^ JojjuAJII L^j >F»«<Aij 3jAJI LaA 15.0 cm > **'' 

. 3I o JlA ^3Jj Jl! I ^1 I Ja.» xA> ^ A l •« * 
.<jjl jJjLuJI <J3~j11 JojA-tAJU ^l^Jl 4 _I^_i_o!^j JjLall AxaoA 


F, 


? _ ^( 5.00 x 10 ~ 2 m ) 2 
AJ 2 ” ^( 15.0 x 10 ' 2 m ) 2 


(1.33 x 10 4 N) 


= 1.48 X 10 3 N 


3^3JI lillj *-L-> 


P = "^ = 


‘• 48 x 10 N = 1.88 x , 0 5 Pa 


\ jr( 5.00 x 10 m) 


- 2 m) 2 

. Lu^Aj ^^_>J! JaA Aail ( fltA ^jL_ 4U d^A ±s\ j 1 1 . 
. A^LLaJ! 3aAjw ^jjglAJ F2 3jAJl 41aa 3 ^53^ Fj 3^Ai! 4 JLjju l)* 





ISLtaUjJLilj ISLulSLitf - JjVl aJocJI) £|j_)_usJf 


(jiVl 3.15 JH* 

4^-1 ) < ^Laj>- ^4^ JulC. ^juud L^I-i3 aLaII 4-^r i~i i a£J_o1 4lxLs ^jJI 3^_oJ( j*X£ 

5.0m 

a i ■ L. ^ ... 4_r»-L_<4_a jJ _oj (jl Ji-jljj . 4.L.lLd i _ T ic. 3 —iX. Jo-iLia-H 1 

L^J j3Jj (jr^^ SjxJi JuJl^hj Ll^-av ^ 3^/1 

(^rvj (j! 4 -ocj .^j_>Jt vL *,i>i.lI La i ua 3_iLc. 4 JL_Ll^ 03^ <j3^n J3*-L 

iL xiu^J lj ^Lu>sJt J ilc. ^ylSvJi JsajLlaJl 

/bot ~ p o = P8 h 

= (1.00 X 10 3 kg/m 3 ) (9.80 m/s 2 ) (5.0 m) 

= 4.9 x 10 4 Pa 

^j) Ijuk. 1 X lO ^ 4 m 2 La j i cm" 41 tt~> ... 4 _>.\ i n a Uj-Pjc.1 

F =( P bot~ P 0') A ~ 5N 

^jLI ^ylc. L t-ir. jL- 7 t 4 iU U Ulc. ^J^^L-C<JL LSJlvJ j-x£- ^juaj j jLjI ! Jl£J 3^ <jl (± 4 _p-j 

*Lu I 



-_i4 7u tL* Jail q\ C~<yv (7,15) JSL 
^,U S^Jll 4 _jjSUi 33 3 J1 *_>: 

LLLJsi !^ya L^ji—(3~iLf 


F - f P dA 


• JI ^^3 t f J 31 L1 4jfcj3^_ul I 


^jjLoJl^JLcS^^iiS^ift 4,15 JLU 

(7.13) ~u w <Lu&j-c. 9 3.1.'^- H ^L33ji tU! 

.. lJI ^lr. jiUU I 4 J 3 J 3 J ^lU! ^ 3^11 4l i^\.'^a c_4 X4i>-1 

l-u5v A.i V L^^LLjvL i. 3t-j JaJt_uaJI (jj Lp* * 

1 1 . cL jl. ^tn.11 4_j>- L_uXI < 33 . .i*r> J»3_^s-4J 3^_3ii ljLi> 

4,j 3 4 * 4_3_j_iJo 4„^c-j3-33 ljr L. 3 j3JJU 33_3J1 c_jI 4J L_i_uXi 

. 4 jK jl Bj-ail 3 ) 4 ale. La ^J-aliL ^<u /z 34 C Juil 

f 1-3 jJ-C. y — 0 Clx_p- y ^ Jj 4 c. j 3 _pc_a ^ 303 .. 7 L liil 3 

. ^LUI /^q y t (jr^ - I jL- LLx/j 

jar. JiLLLaJi uLoJ 4.15 4j^mt jL r 1 ^u* i 

^1 )l_>. i ^ r L. 3 JJ^J 4jV ^ 3 ->J! 4Lu_LaJi 3 ,jj 13 ^jl I) ih 


P =pgh = pg(H-y) 




^ r tu 


dA — wdy clul>- dA /_ 7 lc Sj^JJU 3j-3Ji q\ jlj>o (2.15) 4J^L*JU 

3^2J! ^ dF ~ P dA= pg(H ~y) w d\ , 


F=| P dA -\ pg(H -y)w dy j=pgwH 2 

J o 


<^^3 3j^_iaJti ua ,<-uJ (7.15) L j < v_JI) (jl cLi * V 

^lj UJ£ ... t , U 

. *U1 {_y£- 4j>oLlll <Ll 1S2!I 3jaJ! 43^_*_^ Eys j)>y>J! ^liT. daJUusJI kIcl+m^Ia c_<_<-ujvl 

A pgH >2UUV( 


PRESSURE MEASUREMENTS >^5 

tXl I 1 ^All t i ? 1 4 »■ < tt . t 11 (3“*1 LjU _^l I J*—"* ^ 

. (1 5.8<l) ( J < Cu.1i (jyl! jp Jl 1.1 4jyj_J^i jp y 4 u •> 1 1 i 

(J^l i*Jl U <— Sj —>» AjyyjVl > 

jlytt ^LloJJL) 4 1 is\~i a i_3yLaJlj . jyeJJ 4. ^ ► -• 

P ~Pq \S3^- 2a-i-_uall (3>-^ * ^ Ja_i—tiJ! 4 ^ j • 

^a <mj P P — Pq + pgh <ji| pgh L >.-\\ 

^y-u\ -t-3lj iLaJ \.iX> ^.<uJ ^o i 3>4'_9 >l>. ■ ■’ 

yi 4_*-»-aJt ^ ij y Vi 4 i gauge Un-•.-.in■ 
(^jJI ^Laju-iaii 51"‘ .4 "t <* a ^1^. 4->L ■ 

.(J^jLulI! -l-i jJb 4j>-1jJlII 4jb*i£. ,•' -s - 

Evangelista Torricelli (1608- (jEAjjj 4x.^ii.t ^jJl c^ajjLJI ^ T>JLcX.ll 4-Lii.i-t 

f-Lc.j ^3 4_tj_lJLc L^-j-S^Ls Jc_>. 1 /ya 4 JJ a a,A jyjjJL) 3 ^jLq>3 4jj_u 1 /y3 /)^Ju jJLojjLJ! •) M» 1 

. Lu^_33 jLc. ^1 V 4jj_u^>LJ ^^iUI i—.( 8.15b) ^ t * - ( ■ • 

. h Q-l>» Q~pgh jji Jc->u /ysj . Lu^_3j ^Xu2> 42ojuJo i *' H > ■ 

4j^_xjj ^3 ^jJi JoJu-iiaJi 4_j L_s l3j»_*j (Pq— 1 HtlTl) cLv • -- - 

4^ljuo^V1 4_^j 3L_>JI 4.1 cr r (j^^3 l_4 jJ_c l^u 4_jyjJs Ji_lc 0.7600 DQ L^a l — j-u. -q y « *»•> ’ 

oil 13.599 x 10 3 kg/m 3 J4JJ1 2 laI^ (j^Sj yjjJI dUb jJ^ g=9.80()(. m 
P 0 = pgh ~ (13.595X 10 3 kg/m J ) (9.80665 m/s 2 ) (0.760m) 



(a) (b) 


(a) JoJi—iiaJl jl ^--v (8.15) J S otf 

(b) £Ljh j ~ ^La 

*Cr^j 


= 1.013 x 10 5 Pa = 1 atm 



(iUjijjcH tSu^UjUltj I SLu t S-dl - JijVl a^aJI) gUj-JiH 


• i^ya *$Ju ^ILq^jLiJI ^3 all! ,■' u cUI JLa^o 5 t< i L „ a a^syCtj 

< jM±\.j r +.uiJ\ SJLcljaj j rtt^T) tjjjd \4.15 
BUOYANT FORCES AND ARCHIMEDES’S PRINCIPLE 


1 ^~l. \ rr ) (^_jji (_ylc.! (_7^1 £-^*41 6^3 4l*l/1 4 ita f. Lgjt SfUL! CLa>U 6j£ L) (jt (Jjfc 

J AlaJ I SjJa ( _, .a j«i jj .a. i a y (_£l t^A^. *41 Lgj _p>J (_yjJt ^Jj . Qj-_l. i. $ Sj5Llt (_y.tr. atit 

<Gt .a-£)_^ i^ntt (j^>j (^yjliijt jujtiaauL) jjlIoJI s^Ja LuSLa^. buoyant force 

(_fa^>o (ji (— i jtj ua . l t Q-a Jl 3 i(_p3j^t bi^tj C ^ ifC t jtj tLi,L> 4 )1*< a a 3^5Jt da)L£ at^^b (]^a Vja> 

U? Ji-ge-JLqui ^kxa 4__>- 1 t ^u s-Lo J)g f. (^1^- kkj C^jij 3 j£JIj < u <at kt . tiljJLi s.LXh 3^LaXt 

«Li_do LiLq-aI kj j -A-u z 3^_3Ji £){ 4.n x. -u_>Jl (jy ^ ,o-J/M-j a_3 3jk!l 3^—still L^Lko 3j_3JI 

4Jk>- ^2 ^IXk S^jIaXI 3jkJI (jt kLk c-axu. ijii . 3jk!l I $1a 4_c.^ixaX! kjuxik-11 i*l 

. L^jj <jtj J Li)} L$uk 5^3^11 ^k 1 k! jkla.ll 3jiS jljiJLaj **.1X1 ^k j-ktx LaJlk 

i _ ;r ki kl 3j^JI ^k- 3^3^11 j. 3Xall 3^3 Jlkk-u jX kLe, .*1X1 Vju pIj_^JLj- 3^^L^4 3jkJl CjIX kt 

4lxg3Jt-Q a3^£JI 4jb%_^3 j^aJi *!^J! (JJJ J, i U K} J-& jtjj 

.pUI jtka-o j^ 3j^JI jJajcj Lo> i _ ;r k^ {^1 U3^ 

:U£ l^juajj j)3lr>ll 3^ 1^5 (J-4JkJ ^\ <L3jj_Lx!I Ja-xckji SjlcLsj 

J^liw <jy k| LiJl^oX. ^kLaJ! 3 o3j <<±. iul.>JI 4ia A »l^j OJ3 <S3 3^4 jljko 

3-3X11 y^j-A CujI^ kLakill 

^ L3. X ok-uol-jj ^JLc kjl 


* vs, 

J .X* — - 


VLi t ! 


^1—<Jux jjl—^ 4-kl .^wo J —cj 

Jewj! -ki .^jJ_ 3J! ^Jkil 

, 3jxlaJl >Lw -*■ >3 4 iu.4i.lii 

—>- t_jl—t_u—>- 4—Xf^Xa (jc_! 1—Q—^ 
4a 1 ini 3^kM ^Xa-i-u 4^a>-l- uu — a^ 
a. a J & 4— 1 —tdujul^Xi 

4 « j ct-) 1 —skkkt f^yA 4 Ij^Zu La.uu£1 

Archimedes (c.287-212 B.C.) ^XJak ^.x j * Ajt .^kkl! 

.*1X1 (_r^ J^kXail ^kxtXl 4_u^3kJl 4 jjjjV 1 Ju3.4 . k^ILka 

i _ 7 xll_5 • JL3 jV1 £~£j <Lxa, 1 Vini XI f\A JaJytil \ l ^ 5> 

. w U a 4 xxjJL 4 /^C. jXl O-xa jXe"u u 1 


'} 

^'1 


r, 



yilt i^-jLiJI ^jnXil (9.15) JSa 

3j_i> jJXl_i-uJl c-4-xkll (jjX^ 1 

4jkv- (j7 3 B j_ 3XXI Fg 4_ujLk' _ 

B=F g o'jMt C 614 > 




^Xt ISL ui SLy* xj i7<r, 1 J^dTI 


@) 


^<U_u_>J S 3jl x; .6 . j} 3 A j 1 3^3 4_ilc. ^jJ! ^<U-u_>J 1 3jl_4 ^_4_JuV JL_1^_ Jtjj 1 3jL_C.l_£ (j I Ja-V ,» 

JjLuJI i-^aSLa : 4x1 Li! 1 43-JjJaJL> d_Uj ^J- 4 J^31 1 < i5v.-C.JJ . jdtAl 3^9 IjJJ-a * 

^JjLju 13L^a i Fg 4_ujlj>J! 3jJs t^-& jl->. i {j u^Js j-uLj c^ j^j ^_aj 4 j! c.*-l->- 3 ) 33 ! 4iU ^3 9.1 ^ , 

B ^ 3 t~i! t 3 jJz jl j. 3 a 3^J 4il_^v i .<*SLl \ <j.L_c^i! i^Si ^Jjl-iiJi 3 I 


L>* 1,1 ’» 


s,., ..11 


. l_x*£LU (Ji.1.5 ^JjLcuJi 33.3 J-^3 jl JuLo da nJ^lLt ^jL-ui u-xJt^dl 4 ,'1 


B =F„ 


£-iijJI 3p3 jl jJLa L jq3 oLjljVI ^jmaj 4l <w^LuaJi £ys l- .u &jZ J ^JjL-uJI c_x*£La LA Jxixul Lul 3 V! 33^" 

\ _£_La ^-^ix-adi 3jLU j\X. ^daidl ^ii lAL.ul,! (ju. j ) ilLLxuJ Ls da_j_>dl _i-uJI 5i_A*.<a 11 ; »■ 

4l i^JlII cr^* 43L$dl j)3.LaJI 3 ^j3 ^jun ) cALuaJI L_jm£da ijr l £ - 3 jjJJJ j)3tall 3^h . c •*' 

. udLuaJl t_x*£3i 33j <JjL<-uJ! 333 L$ t art) {jr Jt> ^ dial! 3^3 jlAiLa jjl ^1 . t ,. 

. AfilitSj ^5 cjvj ^ (^1 3 “ 4 3jj.4jL 1 1 ^L. 11 .->.>U ^JlxUlmJ 3 V ^JLuai 3 juiL 3J1 .' i 

3^_3J! &juS> ^didi j3Jj I Ad . Laj jLi-a_c ^ VI i j 3UI1 3^4 jl. 


.9.15 JSjI. (^Jl 3jA jda_il * I jli ^ t II ^ -ijdaj ^jj 0^5-^ ' 

Jl^I (Jjis J-A ^ C<j^» pgh jl, 1 3.4 \ <L2tia_i_u Jcai_t3aJI £ya j-£\ i-itK U <J3 t «t d^» . 

3j^_>-j (jr^ 1 J 3U!i 3 j_ 3 ^jLtaJ L-* 1 ^yi3 < a ! 1J lr\ < u II AP JaJL-uaJ 1 *s* * 

AP — P/A 3 1 (»£l ^j)K<n!t ot.-^l. 
5 = (APM = (pgh)A =pgV 

3 ' j^>u M~pV i^yjOi c-xfc^JU (JJ 3 j-jU. 1 4_ii^ 31 t( v ft^U V ci^l'«- 

(5.15) 


Ld^ daJLuaJI 


5 = F g = Mg =pKg 


2 _j^ (j jl .> i«511 2^11,1 ojj A/g 0 -l-» 

•44- 


1 jK 3jj-a_»JL1 ^1 . .1 >-5M ^_3J 1 ij\j {jijl-JLi (jl A j rti.1 .4 l~i aVI (jl J-.-'' 

(Lu3^>- ojj) a ♦ a j 4J51LJ1 ^1 .xi>.91 jjlc. 5_p|ll t *. .>.>)! 1 

Ld£5j^A*£l j>l hi -wVl 1 ^Jj'Vf4JU*)t 


V Q B - PfV Q g (^1 ^I 2^3 ji Ji*3 Pj- 4d3li^ jdUs LK ^ ( rl^v I 'll 

4U^> ■> QJ Fg= — p 0 V Q g 4 j3>^ Pq 43 ~4 Kj M ^Uii»JI 4_LlS dul^ -nJI » ■ 

B ~ F g =(Pf- p 0 y v o >'••■" 




5Ssliftw 





(a) (b) 


Jai <Gatj^e *-jLa Ltl£ J J g « A ^ j.i*v (a) (10.15) <7< 

(b) ( _- r ict j—oId 3^_3j £->Lil 4—*sl 7t 5> (j-a 

j..4. tj (Va £-jLq Lti^ 

.^U! 


u 11 -~^.—^ t>>*l—«-“ 

-taiJ! 

al ~ . . < JSl 
«J-£ O^W" cr^- 

•LT^ L^! ^ 



3^3 J3f Jfl t 4ij J^ij 4_u j)L>Jl 3^3 3] • *■ tC 4-3 L" l5 i ^ ^j-4 J-3! <L3Li£ OjL^ 13] (j3| 

(^yQ ^<u-a_>Jl 4 _bI!l^ O-i13] L^o! ( 10.15.&) ^ir.} ^}\ ^.^x_->J 1 kISj-zajj^ (jr^^ Lr^i J-3-taJl 

Jl^u ^ (JjLi-uil j-<uJ ^J3. 141 1 ^1 4_UjLj>J 1 3^J3 ^y3 Jfjl (Jj£* (jr LzJ Ji 3^_3 4ji-B £jl-U 

. (10.15.b) 

(LuJjv|^jU^ fi‘“y iA-ulaJf <tf I 


{Jjjb t LjJ^JX. JJ-4JC4 4_j! ^t. ^jLq ^r-la t-if Ll^LLs ^ jy ^-uL*Lmi 4-H->* {jr^- 1 L«-iu- > - 

J-ljJLl £-jLU Vj (jL£l3j ♦ ;J3 i-o I 4. x oL>Jl 3 j_4 ^-a l)3-3j ^Ic. t ^Ji 3 j_B 4JL^>J1 0JUS) 

^-aiail 3 j_B ^cJa am Ojsj ^-*.u—->%J 1 ^>3 j ♦_>I *^_>dl ^jL ulJ ljukj j O,t,n r> Jl 4l^_<u/i^j 

o' a-^o F„ = B jjl «. «•« . . t a .j FyMg =p 0 V 0 g j —4 ^ m i -» J 1 oji B ~P/^fS Laj'->—^ 

(jl^i PfVfg =P 0 v 0 g 

(6.15) 


V, 


/ 


Po_ _ 

Pf K 

JI33 (jl llU3 ( j-c .^U! M— 1 I 3 j— j^t Lill <; i»Vl 4 _bL!iS j.u^\a 4j^LaJ 1 i_3jj-ksJi 

<-ii Lc.idu V i a. . 1 ^ ~j 4 L£ 4.Lut.a^ L^jjJ ^3 13] ^Lil .1^ 1 it o_>«-} 


' 1 ^jlc. jjjj J^Lait 3j 1 J>_3.a ^i.5u JjLu (_t^3 4 < ti'v. L>-i_5 |jju^ ^ -l13 - lu LgHst-i£ 

^jjLjJalu-uj’^ ^^jIs ^-xuuil ^Li ^yA ^j^uiUajkJ 1 Ui . 4_dl’l3t>3 ^L^.c i ,^£i T^-t-i .uj fj I mi 4_3 j^JoJ! 

<L-iij yJ-C.j-1 ^3J1 ijT £ /^X-I io til . ^_^voL4-u->-I 3j3jil B J) 3Utl 3^B 

/^g4jjj ^ 4_*_c 1 ^.1 <j .rcj -usj J1 (j->2 (jljji ^1 uLj LiB3j F Q 3^-aJl ^1 J lj W 7t -< u i Jjjjio 


.1 _i^iLaJLi jJuiib 





1 5/l K .ta iJ jic. 


: ■ v ~ _ ' ■* * . . 



Si_alLaJl j^a drj > . y.! 1 4,^5 Jil j 3F~ c ajk^ . j i alii (j_a ^J_531 < .l*.->t 


(11.15) J£i< 





(a) 


‘^>'i * LaJ )c. . 11.15 J£Lb ^jLaJI ^JUI t . »5 a 4_i alii (jaa i _ 

,^A, La^ ^ ii j j j! i U i g j jl l_i^SJI aU.1 i n a -iLjj (Ja ^Jill 


5.15 JU* 

(j_a < .1 L , 1_ ..q d_jl iCjLjj^JI (_£J_>.1 Jj) .1 : 

£-iua (_£ jJI J-L4I jH I jj La jjJLej (jl (jjiJUyj.. .. ,1 

• _^i-l (jjuua (_£l (jja jal (j^JLkJI t„.,A jJI (jaa <_*.H-il I 
3>aaj Hj-^ll 3^_a ^Lil (jjjJ (j^ J. J a 4 . ;i ( 4 •' 

. (12.15) (J- ^ - .li (_y5 La5 aLU ^3 ( j)1» a * I 

alj—$11 (_j-B ^Llllj 7.84 N lj_3 (jlj—J.! (ji .)! ' 
Jl_a hi a y> alii J-Ulllj 6.86 N i 2 •., 

* t 41 a.U (^uJLaa . .. ,1 
(ju alj)-^H (_y3 L.31« a ^LjJI (jl_5 l_aju c. : (_k^jl 



jljj.1 juj al^l ^ j-LII jK Ujl^. (a) (12.15) <J£« _j_iL SjJa JLa-Ab) Tj= F g 0 L».3 il (jj_jl! L 


O') 


■(b) ( 4 JL 1 AI (jS_aj aJ al>^ll £3J ) Tj-Fg 3^ J1 (jjjJI t ~AlS> B j flLJl 3^a all I (^a j-a-iu LaJai^ („ I■> 
3aljS J1S B ^iUI S_jS .alll (> Ij^aOa jrLJI jl5 b>-Uc J ; L! l 2 j_ 3 (jjl . T 2 =F -B Jta—uoLj ( ,, 


T 2 —Fp -B lSj^LL (jjj (jll (jijjll 


alj-^JI (j-3 42j_3 (ju Jj^JI (^^LUI (^ 3/., I 

III tP> '»'.•• 


B= F g -T 2 = 7.84 N - 6.86 N = 0.98 N a 
alii pses- >A V w (luuv P w gV w = 0.98N (jil .^Ijil JjLaaJl (jjj ^jLaL! j^ikJl 3j_a (jl <4*.. a 

Coo 1 ij^4JU3 ^q P\\3 C ^ ^ 

_ 0.98 N 0.98 N _ 

““ g P m "(9.8 m/s 2 ) (1 000 kg/m 3 ) 

= 1.0 x 10 ^m 3 

m c m c g 7.84 N ^ ^Li! t , >1 

Pc ~ v c -~V^g- (1.0 x 10 _ 4 m 3 )(9.8 m/s 2 ) 

= 8.0 x 10 3 kg/m 3 

JL^ t wiiV 19.3 X 10 3 kg/m 3 ^^L.i ai i £$i {£j-* 1.15 Oai-^ { i« 

c-tAjJl ^j- 43 t^,j-LuajO 4jj jl Lot ^ ^3 > ■ U . U 


ISuaUjUI^ t SL ul Slx U - JjVl gjjfcll) gbjaliif 

^JjULu 3L>-Ljl 4 6.15 JliU 


4_>.^UJ ^yzjZ-ju Lq j l-i-v i {jj* (13.15a) (J£-^ \£j~* <»c^- ^b-J! ^j_tL>JI <J 3 >J! 

(jr&j AuiJxu^i ^ L ■*--} (j I 4i£xu ^.t j->JLI JiaL>Ji I JuS>j . *LU ^ L i u CLo^j Ju_iL>Ji « a 4j^t_Ji 
.S^JluL>J! ^y .i *m ?gi ^am C^J>U j^qJlII 33 -^dl L^3 . ^J^-U Jui_>JI ,^yz 4_3L_a^a (jr^- 



(b) 


(a) (13.15) J-SL-<i 

IjLA ya y . i ^VI 
; J4 , < u i 

^SLcj (b) . *Ut 

4-i.j. .4—i-oll ^.Lxj^ _lu 3 ! 

(jr l£. oJl_£ < 3)3 ^ 


f-j —>Ji {y 4 —isL- 



CUj^. Fgi ~ P~ V^- ( g J^ 5 ‘ Jy^-' -v 4_uLjJ 1 4jL>Ji ^- x lu 4 J L luJLI oJJh X 

^\jX\ *U 1 (jjj \ 3 -oLdi £33 jlji Tia . 4l£ ^aaL>JI ^Jo-3-Ji jh* * py" 917 kg/m 3 

4 aU} . U ) ,UI 0 ->vJ j 3 -A-i-U Jw- 1 -L>j! (<^=~>- 3^3 ^f^JU *U0 ^3c->. V w i ~ i.i. > ■ B=P w V w g 

Pi V i& = Pw V wS u* k> P w = 1030 kg/m 3 cLjj S_JjUlj? p w3 (13.15.b) JS^i J* alliai 


f = ]4 = A. 
v; p (u 


917 kg/m 3 
1 030 kg/m 3 


y£t> *UI ^ lciu-tj 

= 0.890 or 


Cy* *5-?4l 

89.0% 


FLUID DYNAMICS ^SS5 

Vjuj .4^3^tait jJI^U ^3_a.l.4_x^Li_a]l {^^-ic. 4 _JLiLi-uJ1 LlTmuIj J ^3 ' j 3 \ jJLl 

4_Ll3j Juil ^3 4JIjl^ j_jLU ijy ^ ^5“^ cJ^ C>"J^ dH* 

.^^Ji ^ 4iij^ 

Flow Characteristics 


.(j^ 3 J Jo-iS fiUb^u u^xroj . 4^3>> 4JU (J y3 j-jU.1 (J 3 ^f LqJlIc 

^ji ^C,\ l-^laxLo ij l .-^ a £$ 11 ! j*—i3l Ijlj ilo 3 ! 4»j? 4Jx. JL3 ^ 3(^ 3 ^ » . ‘4 

^L>J1 t_ji j ; a.)Vl (_ r ^3 14. 15 ^3 (j\yA 3 _A j-L>Lia35f 4. aI*L>JL 1 otjLcu^fl 

/ 

. aUs', (jl jdc iLlj Jtu j^Ut jjlu Steady or Laminar flow 



ISLulSLy iji'uC. t J^4^t 



.w 


t turbulent tlow ^Jj ^ ln.>~ ryi j_jUtl u_jLx^uj t -^Tu 33 -^ 

.(15.15) J£ ill L*5 oLoljjJI 4_h!lj Lo L$j 31 dLl<i_i ^ I^TlI-q j-±£- ,jl « > • 

^Ls-ljJI uis-L-aj ijr B 5 jLc. aV iscosity ^ ^ ^ 

L&L313 j ^ r lll 4_ajLnILj uLa^j^c 4_».j(jJJi j 1 ( _ ;r L>-! jJI i jui>j . yjll! ( , •» 

^j 43LL> /ys Jj^»U (jy^ uu xiT) J . \ 4 ll 4 i Jrtillj l_4 jJiL * i\\ ' 

4_^LLs /ya «■ j>y- ni (5 “Lh^ ^-cii->» L^j Jla 3j ^y-II 4. ajj-i-^l i 4 i.A’> 4 _Sj^_LJI t>J u4>^ . 4_lLv 1 j 4 •'iW . 

£jL*U LyOj-^J i— hj-uu dll jJ iLoLej 43 j^>_a-o CxxxljJ^ ljL>- 3 J> 3« a J_jl^ll 45 >j^ 1^ 1\j a 4 «\ , • 

'■or* J^3>* fj' jW 1 ^' y o' ' ■ 1 
ciij .4 JUa! uLJISJIjwVI 4_jvjjJJl _c £-jL 11 :4^>-j3-Ui ^qjJlX £_jUJ ! 

*^JL^ lV 5 ij^-^ j-jU 1 J5tv 

. 4HjLj 31 ^ 4_Luu J^- £jLU 4^y_a i^yLiLaJi ji t^ylorvjl yjLyu_sVl (jy^ <_}Lu_u_>5iM * 


* Cyli j \jJLa 4 JalxjJa-jyU jyiJl £-jLU 4^15$ IiLsLai tsi s^li Jjlii j.y. ^jLU t 


ijt^ . 4-La^iJ (^1 3y-^w 4 _jj! jj 4^y>. 4_j_^ ^jLUJ ^^yljjjJI ^_l£ 1 ^jLj^y-aJi ^_t£. {jlj^-u-uJI 

. 1 i~^ y^j-A J^->- jj JljV L^p3 J-jLU Ljr ^ L$' (jr^ *J -Ji * 1 ^ 4LfcC C-olju..> ■) 




. _) Lt~-w l !j^u (jr b 3jLj_i_u 3 ^>. j! y>Lt-*.«i| (14.15) ^Sl£f . liUi j-*_i lt a\ ^.'s 1 1‘- - ■ 


I ISLcaLijjJt^ ISLulSLtil - tJjV \ }) f. Lj J l*u 


:^>>»l^y<3J^U4j ljL-uJiV! 



STREAMLINES AND THE EQUATION OF CONTINUITY 


4_£.^_i_U C) . >Jt 1 t 1 ISTi La Lil-i-t-iuj <--j( mi ) *_jLo Cj J-2w i ^jJi jLx_ui,l 

U 1 (16.15) ; j5v aIL I JLgJ 4—j - t- g L<^q £jUJ ^ <v- i-< it. -w 

. Lu^u! 03^ L$jI- 3 ( 1 6. 1 5) <_J5Lqu 4 jC.(J lLa c-jLu-ujVI Jo(^ j-c 


U-" 3 L^! 4-jLqqij <j 


*)1 L ^ IfLgjV jJjLU cjL_<i 


^ Ot Tube Flow 

. lg j-s\xj t,_) L_u_u_s "J1 Jo^_lo_>- ,*Joli2a-i juJ lIc. i_LUJ OJl> ililii <t_ j^juVI l-.l a 



^jLj^-qu ^3 ul5^-selu ^JLo (17.15) ut 

4-jtiaJL>a 4_>.L_i-u__4 uij^ul JoUj ^JoJLLo 


^LU £jLII 


jU.1 ^jU! ^ - o- Aj ^ !-•>.« 11 

^ A 2 ^- K l U —a —>- 

AjUj — A-jU -) 1 


*2 



<iA>^ cA > (16.15) <J£o/ 

j! 4lo-^} J5 <^3 4 Cjr lx^ 

^i-i-u->Jl <L.C-j. — t-u g j^,i- u -' a 


. QLj^ u-iJt Jo 4j.mL^a 



(George Semple) (18.15) JSui 


^.lo all 4_>aJaqJ^3 j—l£- 4jjj-aj \ I> L-JU/j LajL-q jjl 

<—sLx-cqj! ^-jU.1 uL^oxojv. (17.15) ^JSJiu tjr s L^-5 

4_}^~JjVl ^12 -\ Ic jJU.1 t . j<\ < XS ^ Fl*>> 

4ja_u VI ^A^j2 a 4j>- L_u> 3 ( _ t A A 1 CLu lf> 1 jl Ax j ”U j t 4^L_ovO 
JllaJti f-j —5^11 {J ^ ^^J.1 ^jLU 4-llt -5v 03^* I&XJlC- . 4 ^IruxXl oXJt 

^ p du_^ mj = pAjAX| = pAjDjf 15.17 JSLi ^ jL^-JI 

4j^i*JI ^bL^xil [J ^5 -^- 3-U <JjL_uJi . ^JLaXl ^Loll Qj.i >ill j-~j~C- 4^Lo5JI 
cd^tlii ^JjL-quil 4_Ll5" (j_^3 

> ‘ <^ x —a d \~ 1 '. ’ ■ c". t. o in~ pA^p2^ 3 y —~i_ a. 11 t . f 111 

4 l~i\ i (J o 1. i jj i J |^ Jli^ t ^4 | \ —i t ~ ^ <tl 4 I i -1—iIo_>- ^J-0 i full 

u* l 5' 4 d>-«3J! i_>^<j-i ujs A-2 jJauL! 

m | = m 2 , pA jU jl = pA-jv^t 
Ajiij = A 2 v 2 = constant (7.15) 


Equation of Continuity 4 j^I 4 JjLu u o..n 42>CJI 40^3 

/ 

J-lC. ^jU,I <Lc.j-lm {jr t ^.F >a 11 4_>.Lt_u^s i^Aj .io ol ur^- Ljr^3 



(m) 


\5Ljj15Ll 4 I ’ 'vjS*. £' .?= ■ < • 

jjl ^-o j ijLAj . Jo Li_juaj ^0 ^Lii ^_i_*Ji jJUij 4 _l_xauJI-i C^-jIj jS jJL^j *_i^juVi ^lr daluJi ^j. a * 

4 lAi-^-U C)J^- } J (j- -Lt-i.o 1 ^ »l^i ^ ^ 4_>.Lou^a j 4fl.lT<.jc-a 4_j^_u^i O-iJ** 4_dl_C. 4 j^_u V1 ^J_>-1J 4£_^-<. 11 

nJI Lol t _ jr *_cuJ AtJ uj j . i^II J»uoL>.j . ( j. ^ 1 U iia 4.» < » T< a 4_}^_uVl <j_^3 0 _l «• 

J^-SJl ISa Au= constant <j1 2aj_jJlj .Flow Rate i_>l ^ ,*’>5/1 Jjl^ j! Volume Flu\ 

u_5^JaJI f^yA ^jJ! ^j»e_>J 1 ^jLiou 4 IgjLQ 4-cLoj Lg-uSjda Jl3> I 4_sj_aj5/1 ^^,45 £.->1 U 

.4-j^_uVi ^J ! j] t4_uLojJ! ^_vV! 


j_4s L^-5> 1 J_*_j_ii 1 xa.lfT j^_i_L_ua 4_Aj3 AyA 7'jl_>di s.Ltl jLjj ^.La^ ^ 4^.L, u.a ^J_aj I 5U, 

.(18.15) JSLA^a 


^—lu .^yj s $—& 0 V 5 I—cl* (yl 0 m 1 $_ 


IjjvLuGV^Li 7.15 JLI 4 

oj _ }j ^Lr. —U ^>0 5525 m 3 ji—s j_ 1 j 4__uIj 

J^i i a jl _3 /j 5 —j 4 jr^l —1*1 1 L^cju_£.j . o5/51—<*> lt-^ Hourse SlUH’ 

. 4 fcva- 131 t*il3 clil 4 -C-j~±m (J 3 ^J .2 1T1 i_jfejJL3 43Lxu-i 

A= (670m) (2m)= 1340 m 3 _^s> ^jJI ^j UjL^ t UI ^Lu^. JjJI 

^ 7» * Ijla^ Au (^jLc*u 3 -^^ 5525 m7s AJLl Jjlaju tJ^ 1 -*-* 3 


5 525 m /'a- 5 525 m 7 ,v „ , 

v =-=-= 4 m/s 

A 1 340 m 2 


BERNOULLI’S EQUATION ^jjlilLsU* ^7.15 

*UI u' 2rv7>-^ij t4 4_^t_j_t2JI ^Li43 C^a_^_s 4 2 1 Ju>JI 4_jtIL5 dliL <7 <Fi4 uo L^q !A 

JaJr. us JulC. 03^4 ^U1 (19.15) ^yA ^jus\j ^Jb \ a^ 4_jJLc. 4_C.^,«.uj l t 4 JLLq {_yA £) * ' 

4 1^^.5'Laf (Jjl ««r<ll ijL_A 4 jL>.5/1 dX iSw«U S4 jkjL>. LaJLlC. ^I 03^7? ^.*11 > * 

^jic3^->Ji da juaII ^jl 4JuLc. ,UI ^Lbjdl ddo l£ L» -.ijudIj t lo t. 1 OjIj 4j^ji_i ^ 1 1 *1 * . > 

. JuSO ^J^-> (^3^>dl daJtjuaJl ^^>>4 t 5* * 

iSj -***£3 ***11 ^dljul 1 738 1 f L*2Jj5/(a tilt is~i \ij jjU. 1 4_C.j_i_u t jAj 4^5V«-^ 

Daniel Bernoulli (1700 I /s * i 



ISLtaUjUlIj ISLulSLdl - JjVti) *U^«uall 



4_Aj — £ ^yz £ji— r»Ji *.Lli 4 — c.j — j-u 19.15 

^^Xsj —4 .->- ~i 4 C-<-^l_uo l gK 

.^xL^jVI ^-u-^Lj Igjliu 


er^ I^J—joJLc 

C^iiS . oLxa^ljjJl $ Lj^-uaj I 

iJT 3 4_<jLi, Cjl_ 2>\ _ui ~i _5>l 4j 

4jl—c _ X. I j .^jl^i.1 LSL-s—-aL^uJ 
Jl—3C—c O-il—£ 4—al—gJI 

-<1u^ ^wi52j—^ Lu Jj1 

jlJsj . 1738 j»l_c 

JaJi j —j aj djljl ill 

4_s! Jlj 1 . <; & Oj \j _>31 4_:vj Ji^ 

. £J I j 1 iJJ 4— :>J 1 



^>5^ JLutj 
(1700-1782) 

(_a-li 4]U. 




jJSLcu Lq-^ .t (j-ajJt ^3 4—gi^ILL a J-tr*- ^AL-a <--iL_ 

3^JLll .^Lill ^ > n rt!l {_£^ijdl ■JJi'liJ ^-4_u_dJI ^IflL.i.ull JikM JJ .(20.15) 

:^ jr * t tj-aj (jr 3 3ynJ! a'lgi JjJuJ.1 JjulJlj p | A j LfcjljuLa f ‘ <«a1 \ ^^3 £-jLU 4_Lx«-u!jj 

Wj =FjAX| =/?jy4jAxj -p^V 

i _ T % ^_}LjJI ^ / h 311 ^3 £-jLM 4lo i JjJuJll t 4i3U^ 4_2 ljj_Lu ^ / it. a It ^ac->. ^yJt, V 

W 2 — /?2^2^2 ~~ '^2^ ^ L ) ii£i } 

^/iialt J}L>. jUL! ^jLau / Cy*j ^.««t aII JilA- j-Af (_£A11 ^*->31) 

(JjJli. 11 4Jb-<a^t-A . 4^>.|j^M ^u^Lc. oL>ul ,^3 £jUI uuJLaju ^J.«.auJ t .(/ysjJl 

^jLuU t (jy £t 

w =(P ] -P 2 )V 


<LbLL> j-xulJu (jjh u-ofe Jlj 2 _>-V! c-j->31_0 ^-jL^JJ 4-^2 _psJI 4_bUL> ; -t>jj ^3 lx^Jj <Jji—< lJ! I Ju4> ^y 3 

Juvf /yi j-jULi 4lli£ 171 Cujl5 .4ajjL>Jt {_y£. j_l^>jJ! 


Ax 2 



{Jr £ 4 -iX^-w 4 _^j_3. ^jL-o 20.15 
(Jllkl! Lfci 4 jj_jj! 

QIIslII (_$jl .mi jl um. Ji ^-=tj 


: 4JLl£Jl 0 Ju^i 4^_>J! 4 bLL> ^3 ^xiuJl . t {j-aj 1 ^% 

AK = jfflUj - -^mvf 

:^Jb 4_u £3UJi £-u& ^j| 4SUa j y jt TJ lj 

At/ = mgj 2 - mgy, 

W — AA" + A U :j_-ULi tjL^j (13.8) 4jjLjL>a ^1 Jjr.*U4>ljj 
(/j/^) V = jmv\ -jmv^ + mgy 2 - mgy l 






lSLulSLt4 \ 


•.^lUi 3 ^-tJl cr^- k-ilij 4_iLi£ ^jfL<U P — ffl/V J^luj V ^ Jul 4^UU l j A'-gja \ jl 


Pi - p 2 = ip^2 -iP^i + pgy2~pm 

: 2>jJl>JI uaj^jj SjLlLsj 

^* iP y i 2 + pgvi = p 2 * + pm (8.15) 

^ml 1L Ulx. I.^-lT. jjjljj <u]liX! ^jLifeT^Ajj U£ 4 JjLl>5 (jt-^5 


P + \ pv 2 + pgy = constant 


(9.15) 


4_^)_>. 4_bLL 3J P t.lot xlaJl -Tr a u-jLxu-ajVl £_)! (jr^- ^-^$4 4 _£^Ljl!! 

^lc. i.la d ill J_ lC. jljUuU (Jr 1 ^^ Pc>y 4__ujL>Jl £j£l 4_>oLLll aJsliaj ~ f){i ' 

: ujLu-ujVI jl ju J 

P\ - p\ = pg(y 2 - Ji) = pgh 


vV, 


CD- 


/ \ 



■!— 

-*•' ! -- 





r. /'V 

. v 


<*> 



4.15 £_a aTi 4_bUil PJ-Jtsj 

i£j $ juJSi *L>3-ul 8.15 JU* 

21.15 J< xIL 4 _I_j_jlU J 3 I < **.. -vVI CjI js 4 1 4_j^--uVl 

J-±£- ^-J-LM irt t 4 j^jL>I 0 U-ca.1 i •) 

i j| (2) 4 tali <11 Jl 1c. 4 C.j-ijj j^Ljlj .2aL_i_ua_j \\ I 

. Lo^Lua P^ -P^ <.la 1 1s\ 11 (jK 

4_l ^\ 4j^j_j^fi jjV l 

8.35 4j.il_*_ a ^! J_ hr "1 ,4 uVjj y j ~y 2 4_j_ 3_£| 4_>3 -iJ^sM 

2, 1 ^/ulcuiiU 

/) + \pv] = P 2 + ipu 2 2 (1) 


Vl = 4^2 


4jj 4\~ t »V1 4Jjbca p_ya 


: VI (1) 4JjLuo 4JjljtU aJJb J^L^Lj 


P 2C y>^£\ P, (a) 15.21 J SJZ 

^kj—ie_j—t^i_3 ji—g—^J! IJLAj . Dj < U 2 

4_}^-ut (b) 1 ‘^-C. j-i m j AJ 


P\ +lP\ ‘~f\ v l = Pj+lPvl 

A 


^2 = A. 


\ m-P 2 ) 

p(A 2 -4 2 2 ) 








t* tsLiisut- 


A2<A I {jl C^ - i r *. D J 4J^Lt>3 3" t ^''*~ j-1 A^lj.-frig»V1 4 J^L*_aj 4j ^2 iill aJ-A ^\ j3fcjg_ut 

<_A 3A Axi—tiaJi {2>l ^1 . jP1 > P 2 31 2a3 (1 ) ^J-sl ♦.* ^ 4 JjL_*_U <?jla U 2 ^ ^ 1 31 2a3 (2 ) 4j^l t-a 

Oa_3c_j ^yj 111 Li 4-4->0^->3 - 4_J ^-1 t ^-1 i-^2Ll 4 LL^o 4_st_y*-J 1 0-XJi>^ . 4j^_u Vi (^y 3 c3^~ >1 ^ ^ i 

# * 

{^2-JtuJl tai -^' J 1 ^ - 2 l 4 ^J^ ^oLiil <_il3t ♦ ^b-5 - ^ <>4i2u 2y c 0*^*3* 

. 4_*j^_<_u ^jLUl 4A^>Ji 05^ Cld- <_jLJI 


5 Jujv % JL*>. 9*15 Jt 2 U 

^ . I^ -t.ii 33 -^ 2 y q ^-lyA t- A* — 3 - i i ^ (Dime ^_>i 3 ) oln j~‘~ u -*1' 33 gu <L_*lx 4 ^.13 2^1 2 >^^^ 2 >^ 

3 Jc-l 1 l 1 U ^_In i.u 3 . 3 -^ J 3 —Ull 4 „ * t ">4 . (22.15a) 3^-*-“ 7 r l-> <» (jr-^- '“ > 3 -^ (_A (J-^“ 4 Ll! dju-uall! 

s« 

J^Ull 4.« IV4 ^yi Jutl) u_i^2H 4 _a>A 3 S J. In ill ^\c. LlBl . 4i)L>JI ^y 3 2 Cm Juu ^Ir. 

'LajljscJL^ 4io. *11 4^> l?>4 ]n m 333 _A 5 1 taj (22.15a) {JSLti (_A 2>v 2 cm ^I^cj 

m - 2.24 g -4-Jt21 4j— j£ . <-y 3 Cl I (J—=»-j2j ^ 33—^11 jL-u j_/s i£i>_sc Itj ^-, njjj 
Sc_i^£2H {Jl'ij 4 i>$_*JI 4 * t*> 4 ,^\}>~j3 /_A-1 4 Vn i^jJI 334 ] i 4 x.^_t_u <_!_<_u_>.l .A— 2.5 xlO - ^ m 2 

2i>-V » jj — nil 4_« 1^4 {^A- (jrD" L7^\ 5j lit < —1 1_ i.u.-'v < —1_>-131 1 2> fl 2Ay 22. 15b 

ill j^xrSi ju. a 4i^_*J| ^ia-uo 33-^ ^-^3 i-aj \c , 6 JL-Hti, I j 4_Lq_*J! 4 » In 4 2/U »i ^ ^jl 2y° 4 »-» 4_1 _l!o 

A 3 - 1 JJ 4]jL»_>3 j_c 4_i_l1j>ji i>j_»i> 1 4314 i^ii xm\ f. 1 j ^Jt ax.j-lm 2 ) 3 ^ 1 n 1 41 u 3 A p 13 -^it 

1 i . A a 1 11] . IA - A ^2dl 2>^ 41^1 lo 03 ^ 42bj_*JI ^lr> <» 3A l^4J1 3^ 

:2)t Ji^tll 8.15 n^L*l,t jltlmt LuSAj 3^lilt 4«Ir>4 cfLc-^ 

^above 2 P^abovc "~ ^beneath "^* 2 P ^beneath 
_ lm 33 A -^ 1^-2 ^- 4 —*Jl 3 ^ <«1 9 -13 ^ It 3 I Cu Cw 

s 41 ^ } 3 »u {_a 3 j.•>>vt jl_>ji 3 * 6 1 31 IH^Aj 

i^A 3 2oi-uaJ! 3>^il 

^beneath ~ ^above ~ 2 P^above 

<t_>.i —lm. a ^ojLjuaJt ^_a 3j— 1 Aj 1 D! 

4 >Jr->4 ^ic. 43 -Hl A-^- 3 ^ **-> 4-1 ^ *11 

33 ^->- 2> 4 «- 13—^21 4jiLi£ L^l nLi_*Jt 

L—u&j 2 j 1 t i.X <y> 15.1 

Fg — — (/5 eneat h “ ^above) 2 ^ T^^above) 2 ^ 




(a) 


(b) 

(22.15) JS^ 



2(2.24 x IQ" 3 kg)(9.80 m/s 2 ) 
(1.29 kg/m 3 )(2.50x!0“ 4 m 2 ) 


. 3 ^-*-!^ 4«1^4 2 )j 3 2 >^ (jA- 1 Ai ^ 3^11 3jA cA 2 tilll) 2 y= ^itUa (^jJi 4 33 ^ 33^ 1 



tSL ul SLt * tjAe. I 


(6M) 


(_yLuijj3 jjjjLa 10.15 (JIX* 

(23.15) (JSLii ^-Lill £y> yj <Lal ■ ».. ^ic. 4 _j_jL». 4 .•* " 4 <uj .p 4j_aLi£ (JjL4j Jj j S a 

(JjLtaJI <U. */~»Hj 41 i/i 7i a ur^3 3 3^} ul>^^ ^Joj 3 (j^o (J^! lA^Jafl 4jeJLaJI<) 

^LflJjl JjLuJI 1*> i ii (jj£j LsJUC. 4-a- ~ all {jji (JjLjJI L$j < _ =r Hj! 4x.^_<jJi <. iui-v 1 P .la ixX J-ir. 

.<■ <^‘11 {jjs ll 

. P ili» i^ll t~i-i >- (j!j_>JI Qj| 51 ii 5 JL>- (JT is JjLuJI j. l 7 u j ,4 A 2 »Aj (jt oj■*. 

ilajLuaJI ^jLuiJ Pj 4 -ujL>J! 4jtHaJI J,If. 4 j! 4Ji^»-5Ls (2) $ (1) 4J-iLt« jJco^jL 

'-O* - i ^ u P 0 


ii_ t _- 

;P 

i 

i 

1 

1 ft 

& _ 

1 

; 

i 

j® 


Lii 

"P r„ 

\ jujuc. 


••o' 


P 0 + ipu, 2 + pgy x = P + pgy 2 

4JjLjlU ^yA £) jj . Y 2 — y I — ^ u! 


'u,i.lc. 2 gh JL_>Jl P Q (j-^3 J-Lj 



P L>ij_i£. 15.23 ~i a a q\S I3j L«1 .P 4JL 

**■>“ P 0 Oj^t 3^l\ ^ a «ui Vj = ^f2ghilL^l\ ajuk Jij P=P 0 j^JU^ 

Ch 5 h 43L-U-4S Jju <Lfcu3 i^yQ £jL>*J1 JjLJI tj^lLLa 

* * 

^-4 I^J>- U03 a t.u cJc^sLi-tiJI ^C.^yuM 1 ^fUui 

. ^5^-a>LLJ1 <>jlAj h p*j!jl2oq 


4_ja- 7< ii .11 tjys ^ -a-j LaJ-Jr-. tJjl_4.ii.il 

4JjL-LL 

v , = V2(P^7 0 yp~ 


(^luiil ,04ui>) 

(ji uL^cJoj > ^8.15 
OTHER APPLICATIONS OF BERNOULLI’S EQUATION 

* 

C-cAJtJ CiljjLLJi 4 .-^-!>■! ^ 4 _u 2 U 4 JjLxx jJt.I.ldLi Lu^ 0j.uuaj /^ 5 wQ-i S^jUoil ^Lajj! 

i _ ;r L. 1 <1 ^ 3 -^i i L 3 L ^^ 5 Lj liU jd 4 _ 3 c_p_i i£-li>JI 1 4 r <- T^ -t^ SyA 3 -J-^ 1 ^ L L >J I 1 ^ 13 " 4 ^ I 4 -C.J_ijU Q 

. Lift Lr^! ^ 3 ^ ' 2 lJ 3 4 li^-ol ;L» i>> 

^L> 2 i 0 ^ ( 24 . 15 ) Jiui ^ L*-£ ^;Lj>J! ^ jlp ^1 ^>-LVl J^ 1 j-*JI <>» 

^1 ttH j_yin—wJI ^l_L>Ji j_L_cuj ^wlL-uoj 1 f.!^_^Ji oLjjy_>» tP\ >L-ik 

• CjlLy^ JAj-uI opj j 3 Jj ^li>J 1 £jl ^ 1x3 IjLAj jjAiuji 

f 

. ( _ r lc.t {_yl| iliiLiJ. ZjZ j ^Lu>J! (_yic. ^jjLIIL ?!_^li 4 ^jj»i! cJliil LiAs 








(wU)t jstl t 1 Su« Uq JLltj ISL ul SLpt - JjVt g.>3cJt) tii^juaSS 



J_p* Lr U^ o^j-^ (24.15) tJSuii 
O-'C ^tl^H 3^ sin .% ,<Jx3i y .d^jilaJi 
£-3j tiLlj £y£. ^..'lljj . 4_Ls—Jn_i—uaJ! 


liU jJjh L^jI (Turbulance) 4_o!^$JI oLal^jlI 

<L£^_». £_j_juaj ^-inj ij_xSj£ ^ti^J! Jt^a 

* ^ 

La.tlo 4 jl3^u Lc-xa i^nj ^Lc>JI U < » <-Lxi-JaJ! 

oLaijoii 0ju4> ^jj3 i^x-coJLH CjVL>J 1 4jJ jLjlI 

JsJ^J £jLo ^3 d]yS*Ca pm-*. j^\ 4_el_C, 4_iLuOJ . S^jLLxJi do^juk 

LoJilc. 4 _aL>o1 jJUs! jJ^alc. <L^_p_i *J$j 3^9 4_Jr. 

I^J5Lto; (jr^C. 3^3jpJ (_y^3 < ^-< - iu > v3I IjUfc y i C. 

<-^aJ \S^3 ‘£-^121 4_£^_>vj <o^..oJJIj 

. p t il ~><J 1 -* In ,.u l \ g t 1 u"i^, ) 


u^\ c7^°Uf J \ £ , cJrij 1 —-ij. i'r\ Uj L^jj-x^d Jujt. cJijj^>J! 3j_S> ^ 

I Jufcj . ^r.Ira .< » f-Lcfcj! £xILJ ^.Ij-^Ji siJLa^_>«J ijT 3 JlX.Lx-uJ L^r In a u y 3 <11^ 25.15.S ^J5Llu L.o-5 

(JS l w . *1t—sLu-uji *>L>ui <2±x>* t3^5LU ^£^L*Ji x_Lx^aJi (jr^- ^ U O^J ^^laj J^paii 

^ 1 ^J1 j-3 Ja JjL-u! <—3^_»_u LajJilj . Q^* *} 2au *.I^J! ^a 4 *j9j 43 j In t^rtoJ (25. 15 b) 

# 

^-3j {jr 3 JlX.Lx-ujV ^.^21 ;iJ1.1 03^33 * LT^l ^^21 (jr^“ *D 03^3^ ^J^-j-ut ^J] 

ijy IiJl 4_jt-j_3jJl py3s3 ^"Jl &j3i y . Oy-L-i£ oLsLoil ^llnxlV p^j 0^3 ^t_Lx_t-u £_yC. Oj^S 1 

' j-&\ CjIbL-oX tiJj-stZu ^y n nil 7>j£> b^-xa cJiJj->Ji &y£ <^2 jJUJI ^JjLc-xi ( J-<x*-j L^j JLa_c>u 




{yj* Ju^i_plJl lj). X..J.1 ^jj jl 1^1 £.y ^yOy-JL^LJ (jl5v t.u 4—pj 


SliU ^UaiJi 




(M7) 


tSLulSLo* : jJUl 





^3till Jrxi-uaJl ~h>-j Oj‘s. 3 ) J^*3 £yi JljJuJI t-LlU-A 

i—Sj-Ls (j7 ic 1 C 1 * fjr& jLu • £-jLU 4_C.^..<_i; C-£^LlL^I £>£. 

/ jr 5 l_<^ 3.) Cj JjLi-u t<L>-^3^uo 4_>j_j_ii 

. 26.15 j ^_A Ufa <-J3 ^_Ld 3 _$^ <3aiu3aJI 

JjL-j-uJ! 4_ i^iy a. ai 4jj_j_jVl --int bill 3 /11 l J_Aj 

oJJta . J>1 jj f- 4 U i °> £j2jj_j (JjU*J 1 J-*-5tJ 

L^j ^1 jj 3x*11 CjL^kL^ 3 L^—uui—i_u i ^^ic. 3^- 3^3UJ1 ^Jb 

^ fj. ..tt- 3 - ...>3 3 ^£iJI Fume bottles sprayers ^ 

.ti^JL £jUjjL>Ji *.liU 4_i3 ^Zb ^_£jJI jl 4 >Jl 3 -^J SjLuuJt 
(_U> Juj • 3 - 4 H-J JailLsttJj Jj yJ^r. i~i i 4 doji-baJl j^y£ U^.3_> CjJl-^j j. Aijyj iS3! j * 1 jUj 

. JjljZbvVl CjJjscj O-p- oijJuL-u 


{yA jlaj 26.1^ 

3*—3ej (J-^^“ <jr ^ *— 6 ijj—U 

. 4_J^-tjVi ^y3 (JjL-uJ! 


SUMMARY o^alo 


,^L_u 3.V1 j3l_U U* ^>3 Jj ^Zti! CjLvLui-U 3Ju^-j (jr^- 3jJijl j_jU (J33_> P JaJLb^J! 

3=^ 

A (l.!5) 

iixi-baJl 1 N/m 2 — 1 Pascal (Pa) <lit <3>ll 3 jl_>.j SI j.sll cjIjl>^] ^^jlII ^UajJi ^3 

: 3J jLloU 1 3ila £_jUJ ^ JU-**^ j-jjljj juJCa 4_1L>. 


p = P 0 + PS h 


(4*15) 


. IojIj Iji JiILq j ftXJJ j-jli! 43tii£ ^_A pj ( 1.013 X 10^ N/m") JaJu-ia]! P Q bliO, 


J^Ui i (jr^l (J^^j 3^" Lr^ Lr^" ^-*-b^Jl fj\ o^i. ci^^W U>*^ 

. 3l*'0 3^^^ ljuA 33*^“ C? 2 ^ ^ } Cr^3 1 

t * 

.^3lf>ll 3^3 ^y-o.u^u 3^3 j c^- j^3f LuJ^ jl LK ^ 1 «y- j *c. 131 

*S 

fijjt ^1 jJtlb-ul i 4 Ua«1^j ^_l3 2 *^ j^Oll 3t>J J?3U11 3^3 jl j>3_o i^yuju^Aj] 3jlcL3J LiJo 

.4x 3L*JI ji 3jj^m ^Lui^Vl tiilj ^ y£ Lcj oVUJt jLiJuiil ijj 3 3jx.L3J 1 

JjL 3 l—>.jj ( _)Oi : 2 J-jLU ^}i jLt J C.b - jr jwl^j /ya OjJulJI ,^3^- u3j.«?L*t jjl ciU£3u 

03^ 4 olb~i< a JaLi-u^jM-l 

^li . ^irCla J-1X- ^.3x3^ Cjlj 4 j^_uI J^liw 4_J13I1 c_jl_j-^ujlj { jl.a“ij ^oj-ALoII 







ISLuUjJJIj ISLulSLdi - 


1 g <r. j- i*j 4 _ 5 to^UJl 4 JlAj .C-uIj jt jJLo <Ln^jYI ^Volume Flux ^ 35 jCijl Jjut^ —1 

44jI^-a-u-uY! 4_bL*-A 

A{V j = A 2 v 2 = constant (7.15) 

♦ ^xOJ Labile jt ^u-uaj La jJx. £jLa 4_Cj_i-u j_ui 4 4 .t 4 _t£ cy bu->J . uti lI I JlA jJelu^/i (jSLauj 

<Lu3L>Ji {jC. <C>uLlll £u>jl\ 4_3l_L>j 3 jl>-^J 4^->Ji 4 _^LLdj iJaJu-bJl —2 

Oj- 3 ^ l^juai&jj <LatAU31 gJUbJ . L-iLy-tuVI (jr b ^b.3.llf ^ 4 -4 > » Ju^- jijLaJU ^^-uiu l^J 

P + \ pv 2 + pgy = constant (9.15) 


La_A^b£j Ju J->Jl {jja 4 ^{~l£ j-*S\ { j^> Lx-o^JI — 6 

^JLc. ^ Jd*l\ o j_3 jJjlb -plii /^ua 4J3LL£ t 

ji (^-oLc^^JI (j-4 <=LCj.t i^xtl ^l.i.g.^. VI 

.-*■>*. .~>-Vl ^Ji-^ ^,. ri.bli 3 a— £ i£j L , iui. t j^y 1 

. ^u*a_>JI qmju i$J JuJL>JI {_yz <c^LuaJLl 
(3d>^ c —bi A —oil jj \ —ua—o [ 8 ~[ 7 

dy 3 f-llt obLujI CjUlj-Jw 

La. V 1 r. . JjLUl u-t-uU^J! ^Jl oLIj—>Ji 

,Ui LjjSL bLt i^U.1 j^-uuua 7 <Li.3 3 

^-yt 1 -uo ^yi ji^jJi _^-uLlu3 

LqJJlC. • 4_!b jJJ l j r A jJ! J-£.l ■ tAUj — S 

LA»1\ 4JS*jJU Jtic 4_JU yuM ^L^JI (j^3 
4jjl •■ a i V3 jjA . <Ll£Lc4 j-Li^Ji C-uL^jJ Ls_a 

*£jjbUait pjjs> jjuuJui 

c *r a 3-$^ Ojt 4oj lil - 9 

sl^_^JI ■ 4 . f ■ (_y ^ 3 ^*° O' . « .tu t! 

-tiUi J-UOJ .^» <~|)1 ..dijeo £yi jL^.i.i^i~tl 

<Luala ^yic. <UjuLu i_3J4j La.t ir — 10 

(Jj4j fjJs JUJ d_JLc. 

(JSLi fjS i_4-^ i4_ljJl>. j_yJI 4jJU (Jjcatjj ^Lat^t 

StiU. (Q11.15) 


QUESTIONS Ktiu»l 


u^i s^-li 1—a ^ . ?<L fs ,UI yjj—J*i ^L^J—3 j"Yj 

. uiLLo 1 a ^«L3 .>o ^jvLa-aj <. .^L.V./Q 1 

* 

4_3>Ulj l 3. aL . pliL 3wcL,I jii i) 1 1 ^_ la i 

y I—3JI JlI cl (JsaJLiiaJl ^ >=: 

.jS-Vl ^y 4 jls-I LU 

Li lm 1^ 4 a-^ ^—L—uu 4 _j>.L. i.u a cLx >l£ b! - 2 

SciLulj 3^ UJ3 ^ 4 100 cm 2 
cfLUa i 4 _u^Lq JjLtJi UJ^ «*In La J.ir. — 3 

(_£ij_33j Kfijifi <J>»b claJt-aiaJl <Jl33 
Ja SciLlj ^ bu 0^4 . J^L_^1 
jL-taj 3^ yj^LujJ ^LU ^ji.v**uwl (ji 

S^i 

^3 . > . —jL—^IL a^La-a (jjJL ~ 4 


^t-J—U^4 ^ 

OtJi4 bj .4j ^b x ,>J. 1 4i3b£ JLa 4.3-5L^ 

<j\ 1 4^ AJ cL-y4>J.I fja . L . j \ 4 i ^ A 

daa^.3 J4 *3cla : x->JLt ^3.^- Jaj^. 

Jau^J.1 fill 4Jsb£L3 4ijLQ_4 i xstl) 

s’Ui 

^Lc. (jr Llf ^j) 3 <» xa ^_bbj 4 <j «? < <i 1 i 3^ ~ 5 

SJa-pJ.1 ^c_L_i_o ^yb. ^I <U -L b S^_L2C4 Lwij 




jjtISLulSL^ i JjrfxaJ I 


LiLaLai IVi i u LgjUi lj->- Ud^xA (. U i ^j JuuAfl 
Jul-u^Uj <5^£Ji U^ cr^i ^ ^ ‘ IL ^ U^ 03^ 

.J^a_ ljj\ g A\ r* til ii-a jlj (J^jZLSlH dulj 

^1, i cr *x ljjLj 4jj— ssJllI C-ijjS jJ cljJL_rtJ I J>L>a 

jLij ^.^U-4 -j^lL) 

^ Ji£. <±Zi.A — 19 

2 t u ijf-A 4 )or j~n \ 4 A) J— ~v t 
i I If - *! t~l I M 1 4^jl .4^,jli3 


‘j-a 4 * \n a \ 4_L>yjj,_ a i_^Lua 11 .j_4 4_— 20 

4_*_La3j < y * <« >J 1 4_xLx3 4 c jJlC. .^iui >J1 
j^Ju L$jU 4 La 4_> u-J-uaJl 

lit .i*i ■X La 

(Jj 2_t_u I ^jl JuJ_j>JI 4_» Wh <~iCX I J^T>\ d-xj SC-1 

‘*Ui 3jj-^..t 4J 

CjJi-rtJ (3La Syfc Lo-£ (J-ki-J ^1 fill (jyS 

4 Jill 3 C_/-I ,rtJ 1—4 jLlT ^yOJj -h! 1 fill £-L-uxJ 


i3i ^j-ju dui^ —V_^ L^j 4_!j_<UL4 4 jJx 123 [ 21 

(j-u^Li ^yj 4. j L. i^L—4 4_j (jr ^ 0_*—uoj 

.^_ya_y>JI ( j_oJoju 4jjLc —L$_> 

SSj-aU^JI dJuk j < u<Ti iJu^ 


4 .-i ~vl_>-j 4_jlylcut-ul (Q 24-. 15) — 22 

£ys 4 rtl"V 4 £Jjl (^yL>u 

cLx cy3 ^1 

(iy^) (j-^O 0-^-“=*) 

JixuI If. I dlij^ j^yxj>0 4 j1 

jj yA 4_xJ^_uj k—uux^ 4«l^4j ^_sys —^_Li 3j^ 

4-bllL^ 4j jJjl^-tjJI x?Jufc ^yi (^1 (a) c,<Lo 11 
g~LLL. tiT) IjL- 4 (b) ^4-^i_J_^ 4J L_gjlj 

S^4u.jjL>- 4j9lii^ 



Q11.15 JS^ 

4Jj) xi n 4 4^-UyyI as I5U — 1 I 

* 

Juu < tM (jr^C- j) fltvtl 3 j_ 3 ijjSij (_^us — 12 

JUu ^I ^ >~<ili 


.J'ii. ,->J I 


L^ 3 


4. xlafl — 13 


^ylc J a loj ^ylUtl J-_J_ 

* ** 

V±\ Ly^y^ CT^ <41 

4 l_i-(jLj il^iii «>>!! ^y»j ^>]| 

f^i ^^ui i*< Jjb <.u>.4^ji 

s 

l^l y (j^l—U/ (JjLu, y >-d La W., X> - 14 

j_La-iui_U 4 _stl^-L-o ( jr l^L < 2 aJi—uaJI 

o * 

- I 4 lv^ * 4 

—>- ^jL^j ^j_>Jl cla_i_uaJi (..“■<■ j >» — 15 

^ J up ^c-Iaj-u 4 j>»1..4 xi a t U <.tf^-L-4^ 10 5 N/ Nl^ 

^yil 3 j_ 2 JI 0.13 IT ! 2 ^yJI j—>- ^yal cr.. x.^Vl J ->-1 

jJ—t-taJI _>Ji _*11 i—<la -*—uslj 

3 j_flJl 4 >Jl Jb J _-O tj C^ShS '13000 N (jyllj_^ 

SLLal i ii^. j IjU, aj. j & 11 

4 ^l^~xZ 4 yx aj V t^t 4 -$HS (j ^*.3 i h j 5 — 16 

Ju-C. (jfS < 3 - 1 ^]! (jjjljl^ll IjU, — 17 

dulj d]J lj (j ^ Cu-jI ^ 3 j—^ 131 — IK 



- J[$Vl *3?dO 


4jj_uVI (j\ i^yz {tfijJI ^jIjC. ( ^U—J! 4-_g_>J{ Ly ^ 
S/jA~it->^ill 'j-OLfc Jl 'lC j l^^lt ij,ua) I 4 ] 4oflflVl 



Q25.15 JSL£ 

xillo-lj 3^0 Cy*-& ^joLLs L^u-a Cul^ 13! — 24 

Ji^ijLjl /y3 Sj^LIoJI (■ O o£j 

s^jlkii^ ♦ (3°J^ U I i f ^rix. <dj — g-U Mi 1^4 

Jo-uojJi jl£o JitJit —4 j >- j.. oJtaj 

\—Lj a a (jl £jlo>J! {yi SjjUoJIj iKj ->hJL t 

£IUM —?tj clij—oJ l In ».r»l 3l—. ^1^—4 II 

jjuauol l-i-oi Lg_j_S Jo _i_>- Lj 3 o^otlaJI 
3^ . <tli^- ^jJl jLfcJLM 7^4 l_l^oJLl tiJ Jo 

3^-^ ^ i * ***» (j^ 



Q24.15JSLi 

ciij-otjxj jL_p (Q25.15) 3^ < 3 * — 23 

/yQ 1^» 4ojoo! 3>U jL-U-J* ^31 Jl 

c^l i~.« aiji j-u cil^O iLiMii • t li '^-1 ~,Ui 
(>a <_>—i_u—Xt alj-J! a J—«—c.1 JjjO cJJ 

^yxaolt 3>J! Ci tal jl tjlJt. (&) 4_ijjjVi 


3j-SJ! liU (b) ^pJl a^SJI 

(jjt a_^J! (ja JJal douoojl JL3 <; C£->J1 


. aOji! ^lla Jal£ JaO! = Qj Jo>o 14j <3^.0 e£uz c^mu/Luo 3o L i^ — 3*2*1 

http:// www. sanunderscollege. com/ physics/ 3^* = WEB 

<oL^L^j 3 -^ ^0 3 ^ <3^0 t ^ 1 uL>Jl = E 

jjajJI jJaieiOj /4_ja\> ^ijjl = Q 


1.67x 10' 27 Kg U!j!jL-La 411^ L^la J£J 
.10 ^ m ^ 31 ^ 3 - uiLJuajj 

c-ax £ i33~^ ^ 50 Kg 1 1 ~<£ 3 |3 I 

^jolj 4. Jtlrv a x c-xX^Ji t! Jlo*. 

^jJI ilr^» <>>11 Lw 4 0.5 cm 0j3*& <. o 1^1 ij 
s^jVi ^ 3 ^ ^ ^ 


-1.15 (4 

La^.L^ JUjL->dl /)-4 4-0 O 1^14 4ili^ o-i-uu-^i | lj 

.3.0 cm 

<>.xuh 1 ? J_A c ^Lx3 ! jLi . 3j j 3ljJ 4_3lo^ Uuai>] — 2 
3jLl^. 3l J-lli JoV. i ) <?jUi L_a_33 L -~ < - ^ - : > “ (M 4 
i ^ xlaju j 4 o^I^JLq Jo lo 3 







IS Lo tS La ijiLc. JiAilit 



jdaj!) 200 cm 2 4_*___JLaJL>a 4 _jkI _m. >3 

3j—3J1 jIj— 3_« L_>j (15.15 a 

£-3jJ J-Lt-uoJ 1 (Jr“-^ 1 i (_ y ic. L$_4 1 jdr 7<-<-d I 

4_>aj^Jw cjLLajt-4 (^) SI5.0 KN 4jj^3 J-4->- 

JwitlLoiLj 3jLc. jJj-33 3j_3ii oJLA CjIjI j < till 

.(Lj^Ji <Lt is> 

L^J £j±j-aZ u 4 _-oL*j_£^ 4—i_u_iSL< 3 (a) 

4jdaB ^jdaj_>. L$J ^ 4. iIL. > L 4 ni 3jJs 

<ji ^j£du <—jjL Ojj? Lc. 2.86 cm 

(b) S(P10.15) S4 ,«;<U 4 * b jJ 

2.86 0jdaB dal a ill i-<iJ ^£j-3 daj U^j 

1 ^ ->3 31 4j^Lrt_4 ^3 sjLst-s ^34, cm 

j3jj ^jl daj..aL-vVJ ^jSLa 3jJh j_j»£l ad 

32.3 m 3^ J*. 7-JUt *U! <y> L* 
(P10.15 b) 

^La 4jj 30 m x 10 m ojL_l 4^.1^ - 

,j)-<; ^-JJ *ldl_j ^Lo_>Jl Jl -qj LaJ..if j-a a 
^dc. ,ULI L^j jjJj ^lil 3j_3Ji ijr jb La 2.0m 
^U. J^ Jui S^Ull 

4lu a d La jdaB 4.3U a 3j^ (J^Ll f. Lc.j — 

(a) ^jLuj 4_Ljtju LuiBl ^_u >3 3jLu-g J5jjB 

1-.Uj-flj S^jJL-S 3j_£Ji .(PI 3. 15) JSLli rjy3 

ft 

4-c\ 3 b lj7 ic. Luajl p 43.3 JjLuj 

4—sV—C. Jl a.j I . (^j_>Jl daji—tiaJI Jl 1 £ d JJ* 


P10.15 JSLw 

<L«<>> L^La ijr L. 3jL_.lL 4 jujV! oljlLV! — 4 
pj->Ji 4_>.i .m a jLLJ JS .200 KPa ^jL.uj 
<_^ l .0.024 m 2 <u* ,>j>U 

S3jLu_JI 

_>Ji lb^LUJ 4..KH 4l3 £31 ^_A U - 5 

6.37X 10 6 m (j^>jVt j—L b <_3—ioj) (j3>j5ld 

- 9 ^j^ajVI £-L- lm jJ— C. da i Laitj 

.(1.013 x 10 5 N/ m 2 

jJ— i _ 7 -L 1L11 da—i—uaJl Caa >-l (a) - 6 

4_3LLii j w C. 1 .da_j_>di ^Lj-xj ^j_a 1000 m 
j^Jj 1024 Kg/ m 2 j tt LI *1_« 

101.3 KPa Ojl JlJLj aUH ^tda-t-u da_i-_3aJ 

1 a.3 4_jlo1j_C, c.IjJl—~>.J jJ lj_A JLl^. (b) 

j Ida Vi i j-JjJ (j! c_< at-J ijr 3J1 3j L! 

Laj—Lb 4jj—j!jJI 3j_£JL da j >d 1 

]0 3j_3ii (JjLlj (j7 LI 4_t^alj2. put y 30.0 cm 

. vLL i 4 la < it I jj 3jj jd I 

( ^ t B (J\_di da-i-Jadl jJo. a ^3 udj-^ujJI p7 

^j-a^di jdaBj 1000 N/m 3 j_b o-jIj 4 J 15.2 
j if. .*LU (_yB j 3.U j-cJl j 1 .4 jir. .2.0 cm 
jLi 3-<u jJ^-IjJ! ^1! fju «5>dl ( ja.£. ^t 

S0.5 cm 

4jtB)jJI ^3 j-j-< LI /j ^ f\ U jL3_4 4_>-L<_o->3 — K 

j—j— iSdl a 3.00 cm 2 4 .^,^ qj, l j. 411 





(2b)t>*lils^.UjaJ!j fc aS ul i- 



WEB 

(JLSLuiLi j»j_jr. ~ _ 117 1 15 

4 JLjsl \ ^ J-j%_j— i-ulj 

U PI5.7 JLi JLi_i J5U^ 984 Kg/ m 3 

4aJt Ju£. h (JjLi-oil Jj) f. ^Lajjl 

U>^ Of Jjfc ^ *. 0 . 

a ^JuJLJI u.a.'i f^y \ c JjI—<_ uJl 

•L^J-5 3 Lr* <3^3^ <33* 


• t. a jl^Ts } 4 p tin » is*i\\ 



P13.15 JS^ 


A 



P17.15 JSl^ 


<jr^- 4-^5-^ Ur^ iy* **' -J A ^ lZxj^uuj — 16 

a>Ji P15.18 a Jlai ^ L-4_£ U Jsjs* 

AI 4-t.ln-d- a 4_>-i—i_u_« 4 _>^_™j_}5/I j _ctuVl 

Cy 10.0cm l £_$^ 

u »$[in ,5.0 Cm 2 ^jLuu A 2 4a In a a 4_x>-l i.u/Q 

^ \ -<^-5> ^>-44^1 L-SjinJl ^ *LU C J^3 100 g 


(PI4.15) ijr^ 3 4 ol3—^ ~* 

4_>lj J^>. i 3jL_C.LiS JLx£. 2.0m (3-^—^ plilj 

1.0 ITl 4x.Lnjj] 34^*■» A ‘-jh 4j_ijL>Jt 
JlI c. Cj^— uz~ Cu-u »j 2.0 m <L_cl. i uilj 
321 33*30 3^Ji]i l^uo. 1 (a) iSjLJl 
— c. ju->-ji (b) v-jLjJi ijr ic. *m l_^j 

.oM-t-ail! ijy>- 3*30 obi*^ 


-f- 



P14.15 JSLui 

4 J. A.±n-g 4 1 > <f L^j All ui 4 — 13 

. j rtull (Sy taJ ° JUC 3.0 ITl Uj-L^3 

i(!0.0 Km 3^- Lr^ 1 ) iJ7 ^ CxA-udj 

1030 Kg/ m 3 j-stai! <iLa dul^ 131 



3^ LojJi^ j!jui>a Lo 

^ ^ 4jJjJJ 3°^—*^ J-H- c3 

. 14.0X 10 10 N/m 2 ^UiU 

jhAP 3.15 nirttt 

1.013 X 10 5 tLa x iJnJj — 14 

^LojjI lLxj 44 4 —a ua\ *J! —£ . L xC. pa 

£yi 20.0 mm ji j— ,^ 2 . Aj 21 _Jl 

tin t. JnH ' (J7* i ^^ 

(13.59 g/ cm 3 JajjJl 44K) 


P15.18 JSLii 








I SL ut SL * ijJLjC. \ (Jthrift 


^1 i j U 1_4JlI£: <_SJUl! 1 pill m < uA 

. * u 33 W 4Jilli£ 


1 1.0 Kg lfi££ ^a^ua^JVl 3- >a 4 jlL^3 ~ 21 

LJ£ 3 -* 4 al» 4 2700 kg/m 3 

juUI uuuaJ P23.15 JSLi pLa 4 j pLc.j 3 s 

4 *lrt4 j a r, (&) *-Laj_>JI 

. fLU (3 L 4 .J- 4 X. JlJLJ (b) 



(a) (b) 


P23.15JS^ 


d^Ljut 10.0 Kg 4_u 1 iS ♦ a —jtSL>a — 22 

3^ j_U__« 12.0 cm x 10.0 cm x 10.0 cm 

<3 l 4 ^ pLU <3 jj. 4 » ...aj 313m 4 

12 4J3^ (^jJl ^1 juaJl 3* *—mP23.15.b 

C-aJL^IaIJ (^jJt 11 <tl Ij 1 u„„ij (jl_£ cm 

(_^A La (a) .5 cm ( jo ** ( _ y l^ *LU (_yii .a 

?43j_C.1—3J ( I »5v XI ^ Li. 11 SJ_2J1 

U (b) .(P 0 = 1.013 x 10 5 N/m 2 ) ^ 


3j 29 <jl (jjJ (c) 5i_dj_jjjJ! (jl j I ia (jJt 

^rU mil i_£$JL!I lts* (3>^! t5jLoij j ^liSl 
.^ldmll ^!n mil L 7 l£. <_£_jl*Ji 

{jj a *—Luo 1-ua iJI jj_a >.u» 51 <a 

650 Kg/ m 3 4 ~<_aLLSj 20.0 cm 4^M-Lsi 

<Lb 1 i«U a La (&) pill ^-la i it 33 3 Alaj 

t u ^11 L—a-U li 1 3 A 

£j u3jj Lud^JI Qji 4_L£ jl J-Jla La (b) Spill 

^3*-^ ^-Lau-ui! ^ j .juaa 3* > * 4_ <>^1.1 </ 33 

. La3s pLU 7r U,ii 1 LajL^^a 4 fall 


WEB 

|25l 


23 


pill a r. Jj-L 3m 1 (<0 (PI8.15b) JSLii 
(b) U 4_j^_uVl 3-a 3_aj5/l (jy 3 
La 13.6 g/ cm 3 3^3 3 ^ ^c-bLl^ 31 c^-alr. 13] 
c_3^1ail <jr B h 3a4>^^ -*3 


4 Jfcla^a 4_^L_4i^a U <—Bjj>- jSLl/ ^ lr 4_jj-ui — 17 
.^ujJL Lu^ dp^Li-^ 4-a^aj ^laila 

3^LoJ 1 3^—^ 131 *3^j3aJl 4j;r B pi_a j-uaj 

3^ a 3S? 6 >-^ ^ 4 —^ 4J1 —••>■ 

jlj— a —a 3rui h 2 = 1.0 cm oi. ^ (P 19.15) 

.hi 



a Water 
| Mercury 


P19.15 JSLw 

SiJLclSjjilaJl ^^54.15 

^ A±. 6 \\ 3-a 400 m 3 4j < aj 33^W (^) 

La ^y^3^ <»Li j-a-uall 4_>.jB jJx, 

(b) SI ^ 3 I O^hoil j_oiaILtiU (jy^ll 4Jh < xll 

4_b! V. £ 3 I La_>-V (1.15) 

# * 

La . Lu^u^j 11 4 bL^ 4 fi<a) 3m~JJ' ^ 

3 ! 33 -lLJ! mJ 4-l T ^ J I jl, laa 

S3^vjj Jo^lL 31 a 1 jl 


4^Kj 10.0 Cm 4*C a lm <i 3 ^ ^ 3 ! — 19 

4 "i *C m 33 S[j i. a, .300 Kg/ m 3 

pill 4Ll_B 4 3P 3 ^5.0 Kg 


?e.li 1 u 3 J> ^ a ^3^" l-jJ-jl!! 

.^311 4_>.L-uLa 4_Li.q'v 1 .pill 

La <p^ 4 IlbL^j h 45 C a lu ^ 3^° 33 I — 20 

4-JfU i-aj ^aLc I jl ^3^^ ^-^L^^.a 




(3U)ljSfclJ iSL^UjJLh^ ISLulSLdt - JjVf ajjeJ!) ^U^uth 



j-A 4-Uol jAil fill! ijyjs !jT ^J 

i_x^c_i ^HJS 4i T t£L l l jljJL -a t, « m -wi . j_ae_-_21 a La 
aU! ^^-3 iU.t. ^~1 ^ySL! 4—!^>lj—iJI l— $La —>L jl 

jjSL La JqC. 1.2 ITl/S LbjfjLLa 4Jalj 4 ^Cj>-j^. i 
j.iV. 1 . 1 100 N ^ic.l Lgjlc. SjAll 
. 1.03x 10 3 Kg/ m 3 >=tJ! *U ialiST 

(J7 Jb 4_aJj_>. £-ji jj 8 3J^taJ.1 CjLVjJI if-LL/aa — 29 

Ja>» i <ji (joj-Asi .^JUJi ^t u.a j_a£^M 

jljLL<u jjjXc.i (jyij cj^-3,4 oIjuLLlJ! Cj'M—aL>. 

{yz O-alL^jl 1_aJ-tC. aUJ ^-La_<-n ya 1 1.0 Cm 

4 atV<A 4_jjl 3 a 3 jjLL 50 L^r.lo.;» ^j_3 
g= 9.78 m/S 2 L&ja iaOojM 4 jj jUJI 
....... ■»! .29000kg oi^lkii 4_ii£ 2a_i_o yj-A j 

j-A aHI k-Liiti 4 JoL>JLI 4, or 1^.0.11 4_>.l_ <jJl! 

< u a 4jj 1 3 all j oljaLLJl 4 _LaL>> 

. (18000 m 2 <0^.1^ 

jjljll ISLyaLui 5.15 ft mail 
^■»*j oLtuuVi 6.15 
^^^1*4 7.15 

Jj .3 2.0 cm <>J»£ «Lx^ (a) - 30 
j>]jJ! tij .20.0L 4 -,. , , , y 

jLj_^ 4^c^o-u L-4 1.0 min > 

(b) (1L= 1000 cm 3 4-Ioj).7»:lu 

I. 00 Cm Lhj.laJ3 4—*». q-fl (jL^ iji 

. 4stxdil JuC. a Hi 4jZ_j_^ Ju>-j! 

JSLtiu ,J ^£5 10.0 cm Ltj-Ha 4 j 3 4f 4 j^o-}| - 31 

I jj .5.0 Cm L4^ici£ j tS\ \ ."V 

8.Ox 10 4 Pa 3^-uSJl 4 jjoj^?I aLM 
.6.Ox 10 4 Pa 4atx3jJ! AjjjjVI JguuuaJlj 
*\X\ JjjUA La 

■^Si-O-A 4 a j--L-j.iT 135 j 32 

J. lx. 4 —xj 1—>. ^^4 < < 2u j_ 

16.0 m jlj—O-AJ ?•!-U ^.Lri4.i/ _*_«} 4_laqu 

JiS> i ua oil ^yA uLU UJj -4 4b> ilijj 


A Li, I 7 ^ Ir> 4 o ( 33 ^ Lilai ,4 uj51-> 3j£^ — 24 
liiij . 50% ^JulJ l^.A jj_a_jlU 

_£-uJL>2I ^ \<~i t a 

4_isLj_^ (jui 4-0% 1^—A—^—>* j>3 jj A .*11 

. 3j£L! !j ^jjj 4.4i 1 *>J i 

4_jf aLc.j ^JS-iJ 4 _C.JLjLu3 — 25 

^J3L-uJ! 4.5li£” LaJLlC. J-AJL 1 j! (J 34 jiLloj 

^>11 til .(P28.15) JSLi 1.35 g/cm 3 
4 l"t.5j 6.0cm ^jK .4 i. ai^)j j 

^4c,JaLaaJi 4i2^ ijy _A Lo 4l a^ a 

L7^- ! f k 3-i^- 4^ CH 2 j 




29 26 


58000m £L£jI J! 400 Kg j_s^ 

.(p H e= 0.18 Kg/m 3 ) ^^xL^JI 4^15^ ^>^1 

CxjIj 2a»3iL3cJ jjJLaJI ji jjlajJLdt 

1 a iL> Z ^1 cljjVU (Ja-3 a ij gll 4—al ^ *> 

jlJLaVLi Z lip. p ajr = Po^" z/ 8000 « .tt.U 

4_al 5 < >& p Q = 1.25 Kg/ m 3 

^c_Lxi_o 



P28.15 JSui 

4JjjL> 4-_l_jI jin4_>j_u! ^11 m 4 — 27 

Ji5 . ^.t { L^_3jla J^ic r 1 a j U a t_ zs i 
JjLu/ (J (^“fj cr^ cr^J C . 

j^a X <L^L.u_ a /^JA 44 ;{ I t*~4 * *4J . p 4 A >111^ 

4_jj , . . t iVj jl iC^jj ^c-J 

ULq-A} I j] t4 l~> j t u j 4o_3_sIjj 4^j_^tJ ^j-3-Ai-u 
{^JjjJI U at ->»lj (Jji- CiJI 


. 4a ja jJJ 


jLscoJI «^u51 u?\ 4_l^>(jC. — 28 

1.2x 10 4 Kg i ^-1- 4j 1.5 m 




ISL u lSL* t j 1 


JiLJl lil (P41.15) JSL, ^Lu*Vl 

4—j- b! _J_u>Jt j_A 4_ij_uiVt {^3 

Ah= 5.0 cm jlS' lijj p Hg = 13600Kg/m 3 

fl >gJl <jl (jL^_*_uJt 4-C^-uu u< u. it s >~1 

f 1^_ ,g.tl 4—3i—L£j A 4lo AJ J—Lc £1—uu 

•Pair= L25 K § ; m3 



P41.15 J£u 

£jL>* <L«juail^ 10 Km < jr ic. <jj3LL — 38 
3 jS LUi 4.L.a^ J^Lj 0,287 atm 3^LLJl 
£jjlv ,20 c 4 j>-jjjj 1.0 atm ^jL^tu 

. djuLLaJt LluLL J_si^jLlt -1 -*• 1 uJj _cu3 

jLu u u .ua. f l^gJi 

»uutil uj^.*<i.ili f l^gJi 


*11! cu {^,3 Vi <in Siphon ^j^-ojLuu — 39 
;pl5. 43 J&AJ1 ^ 1—«_£ ol3_*- u- 4 

(j I _J—51 ♦ ^ lau.I a ^-1x3 4J 3,4—io21J 

131 (a) t±Jl£uvl ^lVu.a 

j-jj _ 3. 4_ c.j — lm juuwji h= 1.0 m 4__al—uuJU 

1 _ a (b) <jj— a-A —uJl 4-4 _gj <j^a JjI — coil 

^lc.1 ^^-auLuuJl 4^31 4j £*^_4—uiil ^LijjV! 

<JSL«J! £j! (Ih 4 ) 5*111 ^-Lau-u 

<.L.i> tjfC. 4i.» -uaJl <JJaj VI u_urtJ lj—*_1 < u a 

.(JSLcJ! 



>->j-^j 3_c.j_u, (a) (jrui 2.5x 10' 3 m 3 / min 

♦ u. u 2 * JI ^ln4 (b) UiHl! S_yA fill 

JuI^jk 4_j^-S ^Jl J-6-J fill j_uaj 33 
j-giii 15.0 cm L&j.La^ 4-jj_ui <J3L>. 03 —. 

31 jl (jj-lc. 4_jj_Ulj 545 m £l_33ji (jjAc. 

^-uaJ ^j^U! Ta_i—uait Lmm _>3 (a) 2096 HI 

^Qjae_>. C>\s la! (b) iyJJI ^ ,U1 

^ L» 4500 m J y s, L-uxjjj jt-uaj ^jJ! fill 
JauL-uail jJb La (c) 4 jj..ujV! i _ :y 3 fill 4_u^__ i _u 
,ji- j -111 1JLA fLL^V f j>UI yil_^Vl 

4—«u3L>vll 4 lac X uaj 4_La^_st_Laj 

*^^La3jVI tjLA fl^gJI 43lu^j 

6.35 a^la.3 ^j^a uiLuj f La [37 | 34 

^>!=>_> UJI u $ ~, ~.jj 0.012 m 3 /s (J jl_jl4j cm 

La 2.2 Cm i _ y L>»! jJi Laj-Ls 4.3 .J irt 4_ orTi a > 

4 6 ^j^a fill Lgj j^ylJl 4uC^>—uuii 


(gSjjiyl AlaLsLl <—)LaiJL>uu/l 8.15 (< <» 0 

1.6x 10 4 Kg 1 s-SLlS 5^Uo - 35 
(j^SLi (jl^—jlaJ! fLiat 40.0 m 2 ^_" *^1 - ^ 

^■Ll -ar-li ^JLa_tuJi LuxiJ1 iJr L- via — t_u^Jl 

a-iui (jyL- JoJt_-uajl u-at ^»{ 7.00x 10 4 Pa 

^L>J1 

jj-uLuU jl.g ?r 1 .a- 3 Mil {^jj-lLa 4 jj_jj 1 — 36 
131 (21.15 JSL& !)^l>u 1 i >i 4£.^ < >' 
jl^j! P,- P 2 = 21.0 K Pa duul! 3> 

(4_uL u< iSl 11 ^jIL JjIuJI (2)Li^u/ Uua 

* 

1.0 Cm HI 4j^_ut j. Lk4 ( ii^i ^jLj 1 air 

JjLJIj 2.0 cm 4 jj_ui1 Luu^j « 

. p= 700 Kg/ m 3 o^jjl^O! y* 

Lg_*t jLtJuuil ^SLu Piot Tube clj^-u 4^_u>t — 37 

^JU/L^ ^yC, f l^gJl Q^LiaJ 

JaJL—uaJlj ilcaJi_uaJl (j\-i i3j- ■ ^ h 


P43.15JS^ 



\Sua tfutl ; JjSfUJaJO *b^uiJi 


1 ^~ a!~i 3.8 cm LajJLib 5y£ ;47 ] 43 

L^Llj>J 4 _ 4 j 5 'Ul 3y2JI (jr jb Lq 0.084 g/cm 2 

~ i» 

Sf-LU 0 ->U L 0 L 4 J Sj^AJUO 

ijr Bj *1—« 4_! 0 I 3 —>• (P48.15) J-SlCu — 44 

yA> Uq t^Lo-i-^Jt ijufc ^3-3 I jl ,^U^» 43 JjC. i-B 

c-oL>Ji pLU jLu 4-J] ^Lojj! j j r ^xB? 

of Ll-.-l^ 131 Solj_±JI o— 4 u-*Al 

Oij0= 30° j L = 2.0 m j/i =10.0 m 
43 jL 3I1_5 A 4j^jl , i 1c. j-ia3LU 4 _%.L-u_>3 

. B 4io3JJi J U£L X LxoU 4j>»i Ui4> 



P48.15 JSL£ 

jJj—>■ Jo yjj— <0 ^yyb— f.jLn~a 0>^W ~ 45 

O^Loiij 0.05 kg 43 Jj$j 2.0 in <UyL> 


JulC. 0.40 m Lv A i_'a~uoL.3 ^ 

h ^L3jjt <^1 Jy>Jl O^^Jl £-ByJ S-B^iial 
^^^yB j_ud!j yA U_£ OljJl illd. (jyB ( _ jr 3_U 



P49.15 JSLi 


4_j__lL> dji_a 1 g > jJu> J l C-t->u (jr JaJL3 4_L3_>- — 40 

431^1 (P44.15) *UL£ L 4 3. B i5 5 

A= 2.5x 10 2 m 2 1 4 4 _>-Lcu-o <ljl>J1 

*ct= 1 .Ox 10 8 m 2 \ a 4_3 -L_u_4 
0^£j (j«> ^ 11 5^_B 4JU. ^y 3 

F3y3 . Jl>2j y>- i^jLt^u 0^ <J£ JoJt-uaJi 

CxLt ■» ,3 ^u^il 44 j 3* 2.0 N Lbji, V rt 4 

# 

3<-^ -.. i_ui>l (j-o L2 ft I (JjLuJI 

.ajj$\ i_3j-Ls Laju^l *!jjJ! (JjLui 


A 



P44.15 JSLi 

WEB 

&Q £4_A3j! ^1 *• J ' * *J j—J—£ (jij. . >• [45 [ 41 

^-LiU! j_j_3 h ^4—fljjl y 4 ->, r, ,°i 

(_jl (^c- 3—aM_c. 1 1 ->.jl .P45.15 (JSLi 

^Laj-U (jJI JjL^JI jLjj (jlj_>JI ^yi Juu 



P45.15JSuii 

j—^-l y h —ajjl y (jt^ - 42 

jjl <1 a (jl^_>JS . ho i4_±jtj_>- 

0L_^ bl .(P45.15) J5^i y 1-^-^ ,UL 

^■i^a.aI (^1 >_ 1 S ~<ii (j-a tLU ^Lajij! ujj.ll>J.i 
,jji 4^1 nia (_£? (j'f. (a) 4jSL«ja 4.i2.al 4-3i i n a 
(b) ( t <rt “41 (J-a-C c_a%J (jij—>Jt SjuC.La 
,2>-a J.t.) (_£l ^ ic. ii-iJK~> .-vVI 4_a-, j.~i i 1.2-All 
(^yJI alii (jl (j^aa ‘-4W - 

-ijiyt y 




(M7) 


ISLulSLt* jjutjz (Jtariff 

0.18 kg/m 3 ^ uL ^Jl 4 -^Ul$j 

^1 (J-iU."_uxj i±!j_(J-*_»• L«^« 5.0m" 

jl j_5_^ 3 ^ P54.15b JS^i «ys L«-5 
2JU. fjyjs (jjJLjJI 3 j5j Lojuc. L 2ilU~, ...Vi 



(a) (b) 


P54.15 JSLi 

(y > 2.0kg <s 1 -Okg a . 'A~ i 5 (jj< is - 50 

,916.0 kg/m 3 {£j)\ * m 1 a "3135 

2 . 0 kg 1 g~l~,5 JaJLsJi 3 ^ <tl^ .(jtj—L-a 
(_y^ L 4 L 4 -) ej j -Q- i -aj Sj.. . l i\ jjl3_j_a /wQ 4.2l« <a 

—s jj ,—3 P55.15 (_y3 1 —«j5 < - , 3 - • 



P55.15 JSuS 


m Q 4~, 5 e* 3 ^ nijj 4. " , 1" ,5 (_jj/L5— 51 

o- 4 4-t_^ . (jlj- 4 - 4 (jr 3 * 1 ^j-^J- 4 P 0 4_i3L35j 
j5 (jlj_j_a (jji 4 2 t« a m Fe t g "ilj 5 JuJUsJI 

Lo5 CxJ^J! ( _y3 LoLoj 4_tu^_«_i_aj lilj—xjj 



<!*>« .,/•> C.>o _>- 4ji 2t-> 3- 4 «UI j_3Jui— 46 

L» (P50.15) JSLj, (_y3 U5 ,«!^JI 

4.1 alaJLl *lj) $11 Jajt jl.l 7i a 

?U.t jLu cr^ 3 fj5Ut (|_£_J->J1 ,U« unll 
,»a 3_}5j Lajuic. 30.0m/S 

SSjciil! c^>o 0.5m *U! 


* 



P50.15 JSLi 

4j^-j 2JL>. ( _yi 3 04 p>»»ll ^_t 2-»<11 33>H [47j 

"2 tP- 9 * Pj 4 * f o-c. ) jin 3 

<jt 4 33JJ ‘ F 4-a_?tj>. ^ > . j_iL 

. p i ai 4c C ^ , i ts> ^ Lv V , < u'lj 3 ^ 3 ^* P^^ll 
Fg f IjJLj 3l>i 33 J Pair 43135 c^K lit 
4JjI*JIIj u Ujj Fg 33$JI 3* 3^? 


F = F ' + 

g g 


Pairg 


pg)s 

glS (_y3 Lu! Jl^ Jji ^yluijijj 3^ - 48 

i_33ULlt S 3 I . tl^JI (jjo ^Uj.-a- a 


Julc. 43 Lj£ 33j 3 ^. gjlj (^>>21 

1.29 kg/ ( _ ? ji 7^3^, u 0 C 2_>.j4 

,*<]4 1 a 15 ,£L23j5/1 (3^2 4 _° 13 5J lj m 3 

I jj —»-l 4 i ~>-U 3^1 .(_£j_jJl 4 2 jU 

(1.29 kg/m 3 ) 4_ilj 4_3l ", 511 3 ! l_L_^aj_3 

Liilj i^yi j a ts> x-caj ^3 H 

<— iJi in ijJb h(j$L Lj Iuj lr 

{y^-c.. fj-A — 3 —t-«Lj 

>■ tui 1 i^> t ^ r Lx*_i ^jJl /l ^l_33jVi 

4— 4 J 3 jJ-A Jute. I J_>* lj 

• t_a^L*J! \Lut ^1*3 


k~90.0N/m <l_3jLj < 4 ■%. _ ±jj — 49 

. (P54.15 a.) 3jJ^-Lo {j ^sl c. 

2.0g 4_jjj ^ -i 1 A 4j (jj-ll-> dta 3- cilj — 





ISLc4Uj 01I$ tSL u lg^t - JjYt f.3 ^ip *U ]uai\ 




iLV^JI 1983 f Lc. ^[ 59 ] 54 

fciLjJlj ^L^Ji 3 " A ^>4 .1 I it j^j-A O-Lt-uJI 4 l<iX~ 

Oa—i-tu-ll 4,Li. _*jJ! j^yA Y«_Lj 

3.083g (jr-A ^yu \—stjjt ^j) ,< 10 U _dJt 

-vl 2.517g JOwi_>J 1 CaI i-uii 4.1 “<js i —<a_Lu 

dJuJ — >Ji 4 l<i *11 cLL>U 4-}q-lil 4_ 1 — <_uJji 

4_sla£”^ 8.96g/cm~ 3 ^j-uLscJJ! 4Jsi!i£ 

4-^J J _0.1 \ 4 -l.a— ..IIj. 7.133g/cm 3 yt, oijjJI 

. ' (j-u-dJ U 4 I dJuJL>Jtj 

4.0 kg 1 4-o_i_Sj 4 jj3_5j 5*— 55 
0.18kg/m 3 4lallSj So^Lo-a 0.20m 

4.d <; C. i. La y>~ ^3-3 JlxC- 7^3 O-dliol 

—i—(-a 4 jj^^LH 53 ,_tiu_oil 31 3^- 1 (n) 4.0rn 

1 41 .tt «1 1 tillj jl.,x-d-4 Cj^C-A 4Ju1j 4try *j 

^ f 3>Ui j* U (b) oi \jJAj 

• *UJ ^cJ a a- u ^J] i^idll 3 -^ ^^ 

JoLi-a3aJ^U JjUs J J r J ^33 jJlLd — 56 

>41 « 3^-^ 4_jj!j_3jVi 4_3jl_>. 

l y^~LM iJ7 ~B 3 ^- 3 -Oj 4 jj. . /j-ji 


_dJ 


L^jJui i L = 2.0m 


P61.15a 


3 *^ ^ .a- S ^/l *^->31 (jy£ £_>LU oLuUJ t^Lg-^uaJl 

ijy 3 4jf> L^rOJ LoJlIc. j3U! 4 -C.yj-u Lq . 4_>Jj_jYI 
^ is>\j ytb 1 <a 5T 4—j—3—3V! 4-j^ i>Vl 

jJcudwo 4-^.1 tu a 31 (j*>j. 3 <4 .S(P 61 . 15 b) 

. C-uL 4 j^ojV1 


n 


n 


Valve 

closed 


Valve 

.! / opened 


(a) 


<l>) 


P61.15JSui 


t>u!j_j-U Of.tj/VZ. P55.15 _ JSLi ^ CP-i- 6 

ilia. JLx£. 
WEB 


, ]SL& , Jl s : 3-iL^aiLuo-* | 57 1 52 

J^OJO (jljjjJI - C. (jl jrU 15.7 

0 (J5Li- j_j-»-o (J^s>- c-UU 4_la 0 .I qj u ! >^ <J*- 
(J-^- Joiw (j! ^3v * pgwH 3 ^jLtou 

4-^1 tu A ^ic, ^JLi (Ul L & \ yiyj ^^3]! 4. J^Jl 
. 0 iM a <3-5^ ^ H 

eJ^.. -lj>- 33^3 i 1 — xjj —oj 1657 — 53 

4ita3x^ Otto Von Guericke 

3y» i _ ;r d_ucaJ Tyi 3jLtX. 0j£ 

3^° ^Jl -» 1 4«/l . J_4—U3^fi 

J>^* cr 1 ^ 4-^3-^^ J>^4t 

3juC Jlju .3j£L!i ts\\ J^->-\ 1 i, i*il <Lc.yj±jx-A 
JSLilli {jyA —S 3^-^^ Cj^^L -4 

—dJ 4 _ ^3501 3 j_alt 3 t u’V P15.58a 

{^ji_C41J ctj. ^ II 3^0 4-ilj-, 341 3j_^J! (jyJl _U3J 

(jr j-l42 1 i-4 R. Cu> JT R 2 (Pq-P) 


‘■ .' ■‘ , i - ~ > - ' (b) Pq via * .lAll 3 _o 1^-xj^ 

.R=0.30m j P= 0.10P 0 31 ^ tjj s^Jt 




^la. 4 jj4u Zjyua < (P58.15 ) ^j5Lui 

3j_3]! 3^-P ± >* 3-53>! 4j^_^>o 3^-4 1672 

- &\ CaJ^->-l i_*iai- U3 30 . 4->oLilt 

1657j»La lixiloll jkjUj^s 





iS oj lS^ 4 IjjmjC ( 


C-«-L % - j-^-HI ^U^JI jlx.1 JLdJ (b) 

(fU ijj-* ill -L-^l ^ lS I 

. <-*_lB^JI 4j^jjVI (JX-Ijj £jL>. *43 l £/* 111 a 


£-4 (^3 >JI * i>l II j_J A III ^j| ^_J - 59 

P=P 0 e' ah ajjUdL u U. .j 

JulC (^3 1 I Xo-JL—-uoJl ^Jb Pq i (X = P 0 g/P Q 

jSc. 1 13 - 4 JI Pq 3 y =0 i^jLs^j-4 )‘imi c 

^Jy-OJM-^U » I £cixi_u ^j ^J-Lcai, I ! JlA 

Sjljj £—4 >Ji 2o_i l^JI <jyz i.3. u JI <jt 

<jj du—stj 15.4 4Jjl X4J ( j r -Ls_A-j ^1_HjVI 

*14_aLi_£ ^i ^ 3 . Uz\j dP/dy =- pg 


-, u ♦ <>» n 


fr*^ 


,Lu 


^ 3 _*j 20 . 0 mm 4_*JL3> ^ 3 X 3 jlJl>«JI ^ 3.4 <_< tCa — 60 

L 5 I 3-4 jjLJI *. 1 X 1 jjjt j l_) 3 _£ cr^ 

1 3-4 J—*-s 1^1 ijr^ 1 (<0 *1-41 


^ 1 —X 1 1 ti t 


(b) j _A>J 1 c^42_>-uJI 1 »ll j_>.jj 

*UI m cr^ 1 ( 3 \h* *-.**^ 4 M JjLj c? 4 p! J>^-^ 
*.LXI ^.Ir>x u (3^-^ 5.0mm 1 4 jlm 4 XL_Xo 133^.4 

L-tj^wo q^jI LcjlIc . ^LXLi ^j~laS^ 3 ->- < Cll j 

£lXo-<_U 3 -* ^LXLlXU 34 JL_t.L>Jl 

(c) 5 JL ..al >J | C_a_*£X, ^dXxcuJI (jyJj fill 

(Jy-Lc. JjLtil (jr LljVl (JjdPt^XI ^-4 J^jXI (■ 3-1 (^>1 

£-4 ^J^....^t. SLII ^ La < jj ^31 m I —>- £ LX I ^Xx <.u 

jJJ— U=> 3 ] I jLJLJ 1 Jl J. I >J I C_aaSL1 ^ 3 . 1 *] I 7 T, IrTLi nJ I 

llL^-4-u Lo iLi.^< 33 ^^11 4 JI—>J 

. ^XjjVI 4-2^Ls 


f. 3 X 4 -^ t ( 1_1 fl V (jjJL) H > 1^411 All —UkmA — 61 
tX'ij -> ^ iXdjp^oO. 18kg/m^ <CL£l_ii^ ^^_Jl_j_^JLj 

^^^3 _ a da j =>Jl 3 L—3.0m 4j^da — 3 j 

(. »3ii —a daj i_u_) JjJlJLi tili ju (j 3^L.t—3 t^pajVl 

I3| P66.15a ^3*\ u.t lJ7 ^ ( 3 ^— a 3 -a l— 4 —^ 

J£Lj/ ^^3 l 4 ^ J_c ^3 5X_d3 ^Ld! 

->JI 3 ^jjdl—dl (jl Ov (<0 P66.15b 

^j 3 jJI (^>-4jJI ij\£- (b) 4 Uj t <t > 4 3J 4^^>. 


j All mi - 57 

6j. lrO.3 <..,rt, 3 10kg 4 *i 1 "j ^ ^dalLLn 

J 3 -^>- 4 — 4 _j— 3 jJI ^^3 4 _il 300 lJiL 0.25m 

Jj-Li* 4_3l_ajl {^J 3 J—Jail ^^3 t^uiul 

f^£, 3jl. i-C. J_alj_3 ^>Lv -> *t < «Lj 30->3 3 4_x3j 

<tiLui_fl ^il jj-o-4 jLjj 3jl— 

v-iJK^ "w^fl l jl .jj^>dl fjjA 0 . 22 m 

—?c_j— 1 JJJ 3 0.50 3 -A _ 4 JI 3 3 jl_ 4 J 43 il £ru 

5.0cm Laj-U .4 4-31^ U ml J_Uj (j,, . < 4 

l_a_cu—>- l .(j- 03 —HI (jjd-C (J^^J—^ 4^3—uaJ 


J>jl3_4lll JjLuaJ iJ3^4 (jl 4-OeJ {^jJI lU* 4>>ll 

. 4j| 3 U r 4)^1 

3 )l J 3 I i^j P63.15 ^]5Xju _ 5S 

IJ_>• 4X13X0 4 j 3 _ajI {JjL_>. ^yA fl_ 4 t_Jj_cuJ 

(a)4jjJa (J^ La,' SK-L in a 1 5 « j>JJ 

3jj_uVI (Ji>.lj alii A_JI jl j^LaJ ^Lajjl 




P63.15 JS^ 


ISLulSLxX) - JjSn f^sfcli) 


q<£ ba j-Luiit i h t«a » (J-uAj I 4 I Cjr IiJi <LuliJ! 
JUC (c) S4_)^_aJ^/1 JuLc 

^jVl 5^il cJ*2-^ 30.0° C 

t 23 JLSI jlj-a <q L« ^LJs 

.$ 5j£3! 4 _>jj_jV1 L$j ^hJ-j <pJI 



P68.15 

(jrt-SpiixJI <L>»j)~t a a U ^jSLuu ( _ jr lc. 4_}^_o 1 — 64 
l_aSL^; (P69.15 3 ) .Su pULIj l—3$:j) 1 ^4 
(^Lt 750kg/m 3 4 ..:l.312l£ ^jJI ojjJI 

1 j>^ •» r. i_3j-LaJi ^3 *LM ^ Iru li 

(a) (P69.15b) J-iLJii L=5.0 cm 4_J^Jo 

4 *1 1 1 ^3 h aJI k i i a >»l 

Ciljl— jj -j;! ( j- 4 Ji;— 11 — A (b) 

<3^—3 <3j—£ji 7 j>- 0 jLu J—ZV^J 1-4 »_j_jI^j4 


1.29kg/m3 3 ! ^rcr.l 

dJl£2L_:>.1 3d>^ O-^- ^jl J—a_3 






P66.15 (a&b) JSL£ 


4. j. „mj 4_jj_j_j! ^kxtl 4 -Ll^j jjy-tJ-a “ 

2.0cm ^ U.q jj _. 6.0cm U>^1*2 

4-SJ -Lj^fl ^yd 2.0m ^1 fl^jl ^.If -U3 J O 

25.0L 4 "t * *m c- Lx.j M-><i-> 4-il Jxv.^ 4-u *\ 
*UI 4 ^^ (a) 30.0s Ja 

e-LU tin* .itr> jJb L m (b) 9j^_aJjuaJ! 4 _Aj_3 JlxC 
L_Aj_Lj— 3 ^jJI 4— j—(_ u— -pj-JI 4 jj - ijr ^ 

^ivp_a-3i j . $ 6.0cm 

^^y-ui . 1 *Ui 4_La uIulu ^JlII JL cv -^Jl 


62 


tjy ^ 1654 fic, — 63 

t>° b3&t 3^3 l ^ 9 

( LT i>^) JjL_u I 4 J 4_i^Lv.\ 4j^oj| 

L^l ■» « U 4 _j_>.L>.J 3! CiljSJI ^yd JJl£. 

4j>.jJ Ju^, (P68.15) ^ ah » ^ 

oIjSLlI >• j. a I^J 4_ii-i.fl.Te jL a 
ol^3i ^.4„t.lj 4_>.jj ^Lfl5jf 

jL^Ji IjlAj jJi (Jjfr Tr5k.ll 

. 3j I^_j>xJ ! 4_>.^ J 4^J_*J. 4_j_u^_flj 4h i ,uj j^yLJLi 
4jj—J_jV i .^ycsyjj, fl_> 

Ji 2 j 20° C 0.78945 g/cm 3 <CLaLL£ 

, i ic TjCui/j»l^>. 0.78097 (^J ;J 1^1 ~ 
uL£ lil (a) 30.0°C Sjlj-a. 

4 JI—>• 1.0cm cjljiJI j-3-i 

4jv.jP jJx. 4 j^_jjVI <- ALS\7tu A JJl£. 

4_>-jJ ^Juj2 L^oJUjC (b) l.^l"x.< (pUL 20.0 C 
3p^]l4±L^^L^ 30.0°C ^i 
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P69.15(a&b) JSui 




ii 


JuA. (jUSLf-all ^>1^10. jJju?c_ 3 ^_t«jVi 1-3j, In! 1 
4— C.J -t-u {j\£L (P69.15c) J< Cu ^4 A >jV 1 {j-gjQJ 

-ujVI lJ^JoJI tjr ix. Jjjj jj{ jL_u 

(1.29kg/m 3 43li£ 


ANSWERS TO QUICK QUIZZES :H£j^uJI Ciljlui*! KiU 


^>•1 J-Lalc. (_yi^ JjUll L$J _pjj (_yjJI 

jjjs J_iSfl t_<_il_:>JI (_j-ic-J Jj^Ll 4_».lj_a 

3_3_SJ1 4 1 isi rr.. a (jLfl ( jJj uVutL jUi ^LaJaJ! 

(_gjl < n~) (jr SjVI oL>uV1 (jfS 4jlj U i „Vl ( _ r lc- 

~ - f 

. \jfi tr> 

4_jjjj— >JU <—JJ—J —>J! clij-laJ I3j (4.15) 

(jj&j—LM 31 Ju tC. £-3La L^-il 4—*_aj) ia\\ 

ij7 3 Jajl :>JI 4-jJ—r»o ^jJI Ja_A uaJ! 

{j\-i Cj\ —31—uuJ.1^ J^a—*J1 jLjjjl £-* jLpji 
4 ,i LA-^-aJ 1 *l)^Vi j. jL us 1 oLalkiil 

Ji, I I ^J-AJ! C-aUuJ I 

L/lJJ jll (_yi^ 4_*_4J_u^Jij 

Jjljscj (j-aj-iJI it A 11 (JJ-U2>J-L! 4-Ajj3a 

. 3 JuiLAJl jJx. Cjl^UaJLlI 

^jjs 4__al_l^ <J£| jtLU <jt < Ju±-> * (5.15) 

O* J——«Jjl—Jl (jr^ *Ut 

j-i£ ^UAjVI ljufc JiLoj /z=PQ/pg=10.3 m 

. C- * < 4/LLc 

$. l^^JI 4jaKj £j 1" 4 a 4 LiA i nil (6.15) 

£)3j .*UI 4-3 L ti £jA Ua]| SjA —>. 

*UI OJJ 4 m A fnl! 

4_Ij—A _A*t 11 ^ u jv £h® c^4ii 

.jJe aJ) < <i Cjjkj ^j-uisLAJl 

Jl -tL>Jl (jl 6juaj 1—.Jjfc 1 ^ *S ^2 n (7.15) 

jtjji ^ jJi frill OJJi ur^ b-* 3 


. 4 j 4 fi.ll £->» ^?L>. 4) (1.15) 

cr^ gji- 4 UJi- 1 ' ul ur^-i 

uA-ltu Lq 4->.I 4 ^ xa 

^ji V] < < if 5 m ^i«ju>. Ja-xJ 41 k n <L->.i jail 
Lai i l j I 4 jJbI jjJJU F/A t-LxiLua]l 
4 j 1 5fi J^l 4_jf |QjC.jJ 1 3ju_i_ajl (jjj 

4_j>.Lcii_-a j-i-uz\ 4^Lu^j tyk. 

lSt-4 q\ Jl_>o J-dJjLlj UJL^ ^iruu 

UrLc- j j toll Ciiju_t_fjJl jJUj cJjjvLLU 
c43 4 jJL_>.5/Lj <■ A7fr-X-4j 1 4 J j.A >J1 i ^yOjS}\ 

L-.«.t5 jjjJU 4 jJu>.! ^jlri *~>j .^33j-U 

.4 it fL>Jl cJilij 5? (jj^- 

4-LAj (J^L j A" < nj jllL_u5/l (JjL>* LI (2.15) 

<_ r L£. j3ljj| t-Lxi—xJali (jl-3 jl—a-i,^. .a 

^yic. i—aj) at 7s a 4jjj 03^ J tu 

^JLc. <1^4. jl a *«11 4 -j>>1 t ti a 

431 VI.<L^ jUxJl! t rr iiu Ijirv. 

\ a 5 <4tU CiLLa (_^C. 4i_Aj 131 

(jj <<1 4 J 4ij-X.1 c^- 4 

£;V gjJbv j3jJLl >Li t i>ill 

4—c 4 iijv- 4_ji r j>^j^_) ^jJl la i fi 11 4_>-L-u~a 
. j-poL_ui,l jJa-uJ 4_tiSJl 4 _>-L_u-U j3> 

j-jUL 3j-jJI! 4 j .3 4 VI 3j_All jV lj-tu (3.15) 

4-il^la i .VI (j-* j>-ua.I r. >J1 

SjJsJI dL>oVI -iLixjj jl JlaII ^ ^jL-uj 






ISLulS-dl - J 3 VI t{jj.Lal\ 



jJjJt-fl V 4ut£-juM *U1 j 4 £IJ L*Ju£. (9.15) 
lUjlii Ijl jiJLa juV Au *U! 

4JjL-*— 4 ^JJ J-^jl) a xx .fl <^V 

oljlj LJ£ ju^ .(7.15 




4. r.j—t-u (jl 3 JU 33 - 3 JI CjL_ 3—us (10.15) 

<j_« i dx.*—uaj(3 4 .jJi— c. ^o^ji 

Jj-iil A 34 H *^ 3 -»Jl daJuxaJI 

dJ \ 3 . 3 —>J I «-Lx-i—uaJ I JuxC. 

3 3 J 3 4_Lc ^xUb Ji.|jJ! ^u da* *Jall 

,JkJV ^J JJZ 3 3 Jail OJJbj .£jL>Ji 3 - 2 tj 

Jl^SjJlII ^3_S .JjJUI t a a tii ‘rj Zu3 L4.il 

dad_uadi ^Jt •%. ijy^C- JUjcI— uU <JL^JI 0JU5> 

.^Lj Lnt a *^ 0^3 J[)dit <Jddj 


LoJlxC, . L- k X\L \ QJJ tJ^ ^3^. «“J ^>-*-311 

*U! xj-u ^.L-o ^JJ gdili u■«a {J^- Jt3 j 

. daJia 3jJul! 

Cxt-xLji 4lx«lxu i^jAxu! ^jJI da. jl^j (8.15) 
( 3 j 3 >Ji <_§ 3 ^ 03^ La^UT. ,m AijeS 

^3^3 LajJjl^ . 3 j- u^xlJ1 iJ7 s OjL£ 1 jt 1 o r 

l 4 -Jj <-JjL3JI 34 La < 33 ^ 

L 3 L ^>3 *UJ L ax? e j>. i—BLLs 

^ d ru . u (y* {jr ^1 L« ii! 4333 J 
*U1 ljJ—3 ^ 5^3 *LU da a 4 -J 4_jl—ij 

. 3-6 <L<jj>trKl Lj^Ixu-o 

c-jjl—3J! C 4 - 1 —j— 33 4_Loi_Lx ^UlS' 1 0 - 1—->-3 
*U 1 ^Oll 4 -bL5^ ^ 3^3 3 -t^l (c-d^ii) 

( j^3 3-f^! (JJ 3 ijxdj Q 3 J L$jdl 

• A 1 A " 1 ‘ “ 1 1 



Thermodynamics 


: }U*C t)|»LuuJI JlOflJI 

LSLoaLu jJi Jjhn JjjLaJij : j Hi f glLjuuJI Jl&fili 

uljUll d£jj>J I 4jj_Laj : j W f ^qLjiJI JlAjJI 

^LUI lj^VI : ) “» r gitflill 

4jj( ISLytLui- U J 









Temperature 


CuUJl 3.16 

The Constant-Volume Gas Thermometer 
and the Absolute Temperature Scale 

4 j*LuL>»^U iJnHJl 4.16 

Thermal Expansion of Solids and Liquids 

jliU (jJjSLlujjS U iJuaj 5.16 
Macroscopic Description of an Ideal Gas 


J& 

16 

t lillAjjgiirtjjjJ 

(£j, a -wjj 1,16 

ISLoaQjJLil 

Temperature and the Zeroth Law 
of Thrmodynamics 

^yA J-M-A$ i 2.16 

Sjtwt tjU-jOl 

Thermometers and the Celsius Tem¬ 
perature Scale 





(Sbjljjfcff ISLitSLXi - JjVl *>*JQ 



4^-11 (Jo-O <>3 ia 4 _ojL-$^j 
Ki- ^(JgjJt ^JjLl-uI 
4_(jixi_it-Lj lauea Hawaii 

(Jl (J7^^ 4 q>.LmJ 1 ^4 ->JI 5jlj—>■ 
cJl J-^ U^J-JI 4_A3_3 fjjx 
. L^j dauu»J.I 3_>Jl £4 uO- 3 ^ 4JL>. 
4_ojL$3uJI ^ i .a.. '> J1 J-^_3e-g7) ji jJ-C-j 

-JL^JI 03^ 


4 io£JI oirarlLt<^ll 3^a*J 4_B 3_> LIB30I l£uol£o. 4 - U Lu.uJj 3 
4 _u*ljjJt JitiU -Ju-^-utoJ ciUj3 4 -^_>Ji 4 _bUoj 3 3—al lj 

col ^lU^U 43-bjcJ LiLcB3 LdJ^-JU ^-uO-Ii-OO 4 _jj 1 j_j>J 1 3-Al3Lr1.ll 4 g ^t | 
33— 3 j col J 1 ij-Aj . 4 j lLljJl 4 JsLLaJlj 5 ji^—>Jij 4_.01.3J ^Jj _4 

4 ojl^_^Jl ISLcaLujJI ^»\_}l3B Joxl 4J3L0J oU--iLoodl ciiij cJljjoOj 

03 I 3 -j>JI 0 LV 3 J joujLL>c JjUlLuu ji ju ♦ 4 ^ 3 , 3. i <~\j I 3 A 3 

^yj 1,j0.43 Celsius scale 43-^33 <.<»!< *< 43-ULJL4 ^_A3 ^LJLul cj^LJi 
, Kelvin scale ^1^3 Fahrenheit scale c^ >33B 

SjUI t—O-$30 bA_l JaJjJt 4 -j-auk! J3LIIIB Liu-i-uljJ ( Jg^ol303 

jjbtu-uj LaJu r , 33- L a ^ 4 ^-jJo Jjcxju otjLJi ^La 4 .B . 4 _jjl 3 _>J 1 3Ukl3iiJl3 
jL*JI 43SJ Li . <Jb1 4 j>.jJu J Jujuu 3 jUoL>Ji ^Luo»»^/lj ^JjI 3-uJi La-cu 

JUx. 3I3U (3^-*o . JULJ30 4 JaJ»— ud 3L-B ^vLt—t-u_jJI jtLtoi J J a -3 Ji 3_>- 

4 jr ix. Jl-» atj cillj JSj 3_a- in 3I 3! ^^iij 3! 3-^uoCu L^Ltifc.-uu 

•U*£ 4 j 

^3_u—<_bU 4 _JL 1 U 0I3I—Lit 4 —LXfijJo col —JI Ijl-A 

JaJt— bail ^Jj_ c CjLj _a^JI ^3 -ojcj 30 4 _B ^1 _*JL ^y*i. gJ .* <>3 4^03^-1^33—IXI 

oljLiii 3-U3 Jux-u 3 i"i c ^ysLuJI coLJl (jr^J ^J5c_i >Jij 

jLiJi C0LL3JV 4 uB -JXoj ^J3x0 ^1 Jot-Iu-uL ^o3^Lu<33^-iII l _^3u_uJ,i (jr^- 


. O 3 UJL 00 Cj 


LlUu-aJtJ 


t ISlu^Lu JLU \ |fc|i 6 

TEMPERATURE AND THE ZEROTH LAW OF THERMODYNAMICS 

La JujC pLuI/^l 43330 3 ! 4 j 3 ot-uo L 33 JL-UJ JUJ 3 3 ji 3 _>JI <^->.33 ^ 3^005 (30 LjoL J 003 J 3 ! L 33 JU # 
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Lu-uLuO>.j (jt V! 433130^! 40V.33 (j£. 1 U.-U3OJ ij-Ji3>a i 4oieut J Lli-uL-a.>.l (jLb 43-43 ♦ 1 4 *U. 1 U C^U 10.4 

4 o>-^LJi 43-a ^*30^0 LaJclc. (JluJj j t j. a ^jy-Ll . LblJoto Joi 4j L x- > .^l 30s 33 4 _ t li T . 3 La o - T . V 1 ^3^0^ 
43-4 ^£.3]! (jyL: 43303^11 4 Jr 43-4 330! ^Jodj 433.X.Luall 4jto 3-JuUiu-o 43303^1 43-4 4 . Jcj ^Jooi 33J uu -o 
433! .433J3SJI 43-4 33i30til ^Lu-o3J 30^1 Cji^liJI 43! 43C. joLt 33» AH ijui>3 .3J0WI3 43130*- 4 _>.j 3 Juc. 1 4^ A 
3333-JI 3! 53130^1 4 o^.j 3 30jJo j Sc. 4 _B 3 3_L^! 433^03 4 j, lr. 43^3 43^ 1 . jo-4 ^lloto 43^0 

43-4 L^jgl, iVi < »L a>11 0130^5343^1 43-4 4 a lo ir. 4 30! jLtol 35 pl^UH 43^-a-i JloJ ,^,LuO^^L 1 4 i .uaujl 

. 4_JLl 4 BJo dji 30 >Ji 4>-j3 43 J/LB 






(mt) 






Lo^jL-B ^y^u^yOuA ULi> O-yj J JulC. <; <<i ^ j_ibj Lit 4 jj 4 _ 3 _x- 3 j>J! eBj_*_! ^j_> i 
3 jlj->. 4 ->-jl J-bi (jy B L j-uj'^t ^j _4 4 3 tic LuLjt r>j lit ^IL »4 . 4 la_t_iijILa 3 jl^>» 4 ^>.j_i ^j ^Luo_i... 

tjjQ u^.tCa LU-t-bj !ji 4 _ 3 jj_UJI V jlu. u ^£Ji 5 jij^ 4 ^>.jJj J-6 *s**i*" (Jjj-jVI 4 _B^-*M 

3 jfjj». 3 jji ^js^a V Hj 4 jp 3 (ji-Lcu S ^£3 (jLsc-S j-l'itt 

(j44 jLlJt L 4 -& ^1,' V~i i nVl ( _ r »jL<i (jm- ltn.-<4 i_2^_«j (jl (j4 4jt^_>Jt 4 jvjJ ^ j) gii 4 cdljJ^/ 

i_>^j) - X , ■■') . Thermal equilibrium j Thermal Contact ^jlj_>JI oLP^j l£jL>—-'•■" 

11 4^ loaoJ 1 4g tl <Jj3-*-4 * <IlC '3 Lr^ jcu^- O^J **^ * ‘ u l£jI>- :> '-^ <jja>o3L‘<II 

4bLLoJ 1 ^B JUbl 1 4^-*-U C-!wl^t_Lai ^U^ioJe a 3j!^>j>- Jl-lC. Lsl£ I j Lb Jta_*_ujJLj 1^3 Gj q I (j 9 ■> 

4__sux3-i ^ < «-r*» 4 _bLLxI 1 (J1 3 111 4Jt__>- ^Si 4j|jLiJl ^ 

LJLv Lc! . ^ tui c. ^_jL_i_uJ i c_jLJ! ( 3 - 4 -JtIL) 3jlj_>J! ^.^.3.4 <JjLJlu > 1.4 ^-uj^j—^ *— 

0133^1 Lol > 4_Bl UU 3 ^Lj3 1 4 p JLU ^<U t-4 t3l l j^lA S ^3 1 4 ^ *■ UJ^? 4 <it^>Jl £)j (J^-dJld (jT &ll \ \ < “ ‘1 

<LBl Ull (JjLiJ i 4^-b-3 Cj_LscjVj ^u>iM3 4JU ^ jr B ■^-*-4 ->lJ1 4_iB 

■ 2 j!j^»JI JjjJo ^ 

3 ! i j3-a ! J-i4>J iOJL) 1 4 4 Mj ^j-ooi B, A ^ ^ 1 «« ^ L>33 j-3j 

jj-o^l^Llai ^-J—4J_xbjj . 1 4 4 Lu 1 4 J 4 4JL>* B , A *■ 1 u (jL^ I jj t 

. L^jjjdB 4 _j_jLj jSj-g 1 3j3_>. 4_^.jJ J_la3_t-u ciiij Jju 3JL>. ^J\ Jj uaj ^ A -uujvl! 

3^5t_i_uJ 0^j3l 4JL>. >L^iJ 3^ 4 _^_u_4^Lj CU_i_5t_J B J-4 ciijj JULJ I J-J-b ^ • 

oLh 1 <JU B |*tm ">*J 1 j A (jiit (jLib^t ~ 4 2jl^>Jl (jl LjJlj>.^ tiilja .5jt_^)-j>Jt 4__^) ^ 

. t.4g.i n i 4J^ iS)^} ' 


IS_j_4LuJl 1! (^j__4_uaJt jj_it_at! (_, 4 1 «j (j^_)L_S 2 jj <^> lJ7 j3 g-jL ~I.lt <-£iLL 3 (j^> j- 


ij (j . C a j j 


-i^Jj 4-uajj The zeroth Law of Thermodynamics 

(jLa <dJLj j<i t ii v. £4 (_£jt^_^. (jljjt iiU. So_ 3 - (Jf l^. 1 4-^14 B , A (jt^i.in-v. (jl^ tij 

. 1 4 $ in 14 .j^ oLP' ^- 1 L > " B, A & 4 ^n»«tt 

l_4Jj_»J (jj4 1 i i’v 4 I 4j^ a.L4 A^t (jj4 Ojj^ C7^ C ' ^ t ‘ t-fLc. 4jLjjt (J j I II11 jj4 (jjjlJLtt tjullj 

2 JL>. ^ • ■■•*- (jt^ list L4 (jilt 4 ji/iL>Jt L^it (_yf^ 2 jt^>Jt 4 ->-j-i i-iijju (jl t iK 4 j~^ .ijt^jKjl <i'- j 1 

. £A iSj\y>- L )t > >' 

i3j 0ttH* 11 (j^£. &\ 3ju>-i^ Jo-C L^4-4-bx nt £-a LjjI^v q\. *-j-u >JLb 

. 1 44bJ 1 4^4 3I33I 4 JU V 1 4^ ^^ybvjB jJ lCl 3L4-L** 


ISOJbdJIj ISLilSLU- 



SjlUjLvj Jj (JS^AJmXlu QM\jfAAJ I^{jjLA^AjJti\ 

THERMOMETERS AND THE CELSIUS TEMPERATURE SCALE 


2.16 


_>- Sj^La j»j. Zi~:j . 5 ^!y > 0 ' CiLa-jJ 1. x * a j»_ 


I Jui—u*j^a (_3-^ ag—a^_aJt 


(2T4 LaJlic. ^_uuj La SjLa (jaslj-i- Jl>.| <jl t _)jiL-u! ( _ r ic. Cil^JLajjijjjl 

5 jLh>^I ^J 3 tr^ 


oLp JlIc jlil (4) 4 _<^ g —*- <ol_u Jul£. jfx. <lnii <n (3) ^ ^u>> (Jpn (2) (1) 

^Luaj 3jfj_>Jt oLvjjJ ^j-ul tTi a j£wCJj * La ^a-u jji (6) 4^ub^.^5Ctt 4 _aj 1_2JU (5) 4Laa tSrt 

4gjt.ii.lnll cilij j_A t {j-uL_u! {^yic {_£ Jla ^V 


~ v ijufcj . Jj_=fc£J! jt JjajjJI LJLc {J^Lt-uJ! jA 4 ^-a 5T ^.Lc jJO-lojV! 4. t jLuu Cj f j-Iaja jlJI Jur*.} 

oJ-A 4j «jl 1 L> 11 4_uo1JkJ| . (1.16) 3^-^ j-^-t-^-j LgJujC jA *£t 4j^xi! (Ji»l J JJlaaJ {JjLaJi 

j-tJuJl £_a l-a* ulXu 4 j( ji uf.l j£L<y 4 j>-jJ Cr^ l£($ *(J5L-uJ 1 j.ga/jH (yJb 4JL>JI 

4J>.jJ Jia-J ^yXOalo ^UfiU £-A 4JU ijy ^ 4 X JJ jJi-A>J—Aj-Jl .{JjLixJI J>j-a £. Jj-L 

4oJu-uaJt Cu>j jijji *LH—>• aLUj Jl-Jl>J 1 jA Jn.iL>. 4 alcuV! lillj JLl^I . 4_oj1j 4Sjj\j~j>* 

^yu^ijj.Atxi 4^>.jj ja xs> L^jLj A4ili u (Jo/LuLa ^Lr. JnuLnJl IJui 4_J>-jJ OJj^UJ . 

JliL>J 1 Jcuu jt ,m Jla->u 4in.dJ ijr A_^i3 JnjliJi IjiA 0 C ^^JlaJl 

^3 ojLitjj ^Ui CjIjJLa^-a^IJ! B^jLjua ^JLjcJLuuJ f ^tinj cilLlA^. ICC Point 

4ia-aj 100 C ^jUa3 L^jt <-d^JU 4 jj1j->. 4__>.j^j Jn_*_LnJt JL tC. >. ^^- > - 

iy\~]nA ,ill j^c- ^-ILa^-a^-jJ 1 JjLoJI ^La3j! ♦ Steam Point ^Ut ^jLiLc. 

l^)-JJLi ^JnL-(-l ^Q.<.<i$ 0 3 i • Ly J 3-i.' t ^ 1,11 J A A JJlitj jUilxi * iift 100 1 .A4^LtxJLl ^< i i . a . rt 1 

(^^111 ^juiU-lil 4 jr ju>U,t A i iij {jail i.2ti ljukj .djLjwlj {JU/J) ai iJ i <1 4_>»J J 3jlj_>Ji 4^>.jJ} {^ 

o!jJLoj«AjjJ1j . aUU jUfcjij JLxL>Ji ^."iln2.> ^.i.n.4 100 ^1 ^ * 41 n a 4j| j >» oL>.jjJ 

jl , i ^ 11 n . 4 2x 4jJl oLtoiLual! lt B L^al JLit-liail A <r. J^Lii! (J^\ 4»^jjJaJi 

CjUIj-SJ! j-a {Ji3 jl J-A-l^u aUU jlituj J-ii^JI ) JuJl jjIa-a jltAjgsjj 1 {jr^i CjUIjJSJ! 

{^'4-Ailie_A 1 a^I {Jjj^iSJIj {^pj-H jl v In a .4 5 jjL*J. 1 iln a.i Jiic. ( _ r 2-gjj 1 4 JU -tj (PJt 

<- rtllotiJ 4 .a. j_>»VI jJ!1_a j^QjJxli j^oJ jl 50 C jjj_oo3 j_a jJilI Jl^w 1 lj-2b LaJ.Jjl6 J Jl» gl l 

j^- 3 Jl_ulj L^-i jjLcS jlj-U 3jlj->Ji oL>-jJ jp 3 La, 1 ir. jl jj JL** l-354JL>.V1 1 JUS>j 4_>.JjJi l£11j jjC. 5 L_Jl5 

.^^BjjIjlU oL>-jJ 


Cjf j 4a_».L>-j £jili^rCs 4jj* <n -^jl iiU3 4oJlic-A oLIj^ jt Jaa i JL^ jjLuJf jjjAj L^j jljj-AjAj3 (1) 

. jpjJ i t^j ja-J pa!iJ a jla5 


t J xjjfuC 


4_ zr. _g ^ (1.16) JS^. 

£AJj^ jj£jl^->Jt J.l «t *H 

c ^ 3 ' 

CjJL4Jj1 LJ£ jlkAy* ) • " 
^ frUI oj\j —^ 4 v , , 
. jLp-wVi 4 i *j . 11 




l 3ji^>J! CjL^-jJ ^3 J-L->li ‘Jjlls 0 \* T? j-H—4j-4^3 ^1 ^3 ^J_>. 1 4 A* c. 4 K-<^ a LdLut>5 

jApIl J-4_>U 4Ira2J Ci->J 4-4 i JiitZu-ui (Jllli {J 1 »< »i <_yjLl (jr ^UjJI j2Lqj_4^ILIL3 . 4u3 4_aI J_it u \... 

( _ r Aj (85 C) £yt (Jc.1 Cj>L>-jJ <JT i <Laijla-~<iul (jSLajV jajsjjajoJI (jl (-39 C ) LT -i. i 

d *. i V. ,,, 11 SjU,| fjie. 4jfl^5 ‘ ?i AjTiV ^LojjO^Jj ^JJ ^llaj tiJJj ( _ r LiitIu (_^-! .(JjjsSUI jLtlr. il*.n 

t_d_LxU IjLA (_^_ti>ij s t 'J-" ^^<w <idJl (jy S j^ii^LLu-u ^141 ^jUJt ^TLa^^^xli j . *1 .« 


JLs-jJtf (jJimt ^Luiifj daUl Jl \ 3J6 

THE CONSTANT VOLUME GAS THERMOMETER AND THE ABSOLUTE TEMPERATURE SC A l.l 


<ba,l VmiU SjULI Jia~i»~lV |_£jL«JI ^Lojj<ij_lJI ila» I 3jlj_>JI oL>-jJ Cj U>A 

iJSlcu ^3 OjHII ^jse_>J! jj UJ! 4jjLiJ! Cj II JLalj ♦ j. j .i*s JLv t ,lj 

Ixi-unll j-jJu t Jl Jt> 4_>-jJ JlJ. 1^-7i! 4-4JlV.*x<<JL 1 4g *t >lr>?l 4 _l-l4>L>J!. ( ? U> l 

jjLjuj JJ_iLUi ^ 7x- ><11 jj ^jLiJI ^ILo^ajjJI 3)^ Jjl * 3 jI^-j>JI 4->.jJ j-4 jLxJI 4 ■ 'I ' 

jl B gOjAirtU J>-4JU 1-4^ frill J /^piLxnJ ^ljL> •. J * 

^j)"u.u.4 tlru h ^LoijyL^jjLij.l (jyi-c. jAuail 41 aai A jj-4 ♦ 1 i ^3 i ♦ * * 

jJi—ua Sjl^_>JI 4^>-jJ jJlCl BjjjLill ^3 daJLiiaJI jl.A 2 4 -A- B x«ill ^3 t* ^ ’ 

B <la t. il-A jLjuj frill 4In4 j JlLc. frill ciijj J-aj ^-4-iu . 0 C } * •*! < 

^it4J jLuo jlill (jr^- I JLAj • JjJljv i j^a ^_ij JuJI jJr. A J^.4. A J i ^ ^ * «* t 1 * • 41 








at^Xf 




ojIj ^jLi. j > j~ i^q(2.16)JSL£ 

Sj^jl_dJt i _ r iS ^11 ji_ii ! uLa-i_C> ^yuJ_ OJ 

jL*JI (Jlb-J \ <iJ A i ^L>l^>vll {^3 

o» 3 ! £i3j_} dJj ^Cuj LjjLj 5-jJjL-SJI ( _ y iJ 

<34>H l? J) ~ ‘ ■ ■■ * J^j ur^* B ~ . . . U 
. Ijjlij A 


^ 4 < uj (j-«J a . J^ JI ^Lcu*.’^^ ^jst->Jl 

via* xibJ 4,.4 -lS (j, la» j B i __ r B J^ujJi ^jJLfcii>3j ^>JI 0 _jIj 
\-&>j£ jt-j 3^-ji ♦ 4 JLj3Jo <-JB-a) 100°C jJx. jLiii 

(3.1 6) Cn ^U-Jl ^-t-u^Ji . ( LJL>- ^ JLrt-LoaJ ^-£>3 dj j J_*_j 

JcuinJ^ —>Ji 4—>3.^3 (-Lxi—L^aJ! ^1i—4-J--4 

3jij >Jl CjI— a-jJ JljJ —rt—l! a^-ji—*JJ {JT l^xJLa (Jj-CJ tort,/,II 

2j3jLoJj tJoLa 5j)l^-3- 4 ^-j.J JuJoJ I03I Lo IjLs . 

^3. ^ - ' .**-^ vl a a . ^ 33 3jLll £_4 (jjJb jLiJi L^J ^1 

4 la 4.' jJ-C A ^c3o.i.d ( jy J!L>- B i 

.jUlII Joi. -uo JsJLst^ JjjjJi J 3 4 r. ^LojjI 3 £ljjJluJI Z )-* 3 j>. a i,a!i 
^*1 jd- JL < <fB SjU .1 Jdt_CoJi 4_3j_jl4J3 

.(3.16) 


4_ul Juj! Jo a 


i> Sjlj—>Jl 3 ! c'nu 3 VI 

kX-lo J-lc. 4_oJLL^q Cjljld (^yic. 4jjl_c 





JaJt—C»Jl 0^£-£ —f-J Jao. (3.16) (J^Ut 

3 4.1a i.»lj^o-Ljo 

. C-olii L^j^- 

L 4 -A ^jLbjLa-C. ^j^LlLqj (jLlJauLlif 

. f.LU jlie-) 4.1a3aj JuioJ! J^j>u 4 l-t 3~) 


V Cj 1 jJlvQ^Q^-lli Cjl^ J\ ^JLxlII Ci Lu JL^J . 4 ..^-4 
1 i^na V ia j^-*-^^ via « ^ (jl^ UUo 3^*^^ fcj- 1 

-j!—iJl IajlLc ^Jl (_oj ^-Hil 4—>.jjJ! ^yj$ (jyi^. 1 43 1^—>Ji ‘^—>‘343 

oijlx. ^ 1 jl 3 c ~i ,jj.t lj OIj^ o ^cI CjU ^3-^ t3V (3^ -^^3^3 

.(16.4) (JSlCi JoJLuaJl L4K 4uiiloe_4 



3jij_oJi 4 _jvjJ^ JaiuCaJi (j*^ 4_uLo_JI 4_4 ^_jlJI (4.16) 

for more information about the J^Ji oVUJi J& <ui J^V 4 h\\ v ^ 0I3U. c>Mil 

temperature standard, visit the National 4 ’ 

Institute of Standards and Technology at ^ ^ ^ ^ ^ ^ 

httpV/www.nistgov ,-273.15°C ^ 3 ^ 







1 tyiliC. irttt 



JioJLuaJl <jl di^L>JI £o_4_>. 4^JLjJ! dji^^JI Cj1_>.j^ 3-^^ 4-. 16 <j£L*Iu ^.3 Cjl-LL5tii,i Juj-i 

4-11 ^jisfclLcuj 5j-4^JLi 4-jvjjJI osjt>^ . -273.15 C jlIc 1^ A ^_i_j- • > 

^■g 4ii'i 0 JlA .^_3-uaJi 4 tn3) -273.15 C 4^»-jjJ! Jjt>. ^jJI oL^jjJ J^iiitl 

ijm\ \a& ijX^ l 5 jL^ JlMl jj-uLj-SJU 4^>.jjJI absolute Zero jjllnll y ^ ^ 

:4iOUJi ^1 JLitajujlj oLwjjJl oJJt (j\d (jp3 ^ ... 

7 C = r- 273.15 (1.16) 

.4JalLxU 4_».jjJI Ty {yuy.Lt.ii 1 l.u 4j>-jjJ1 Tq C-4_c v - 
^uLlaII Ji3l J_3_S < 1 jl<; r \ <; &j\j£ 3 iy* i^ajl *LU jLie-iJ JuL>Jl J \yl^uy 

(^oOjLS-^li 4_JjjJi 4 j*arUi 4 In t ol^j 1954 ^Lc, jjLdjVt I JJt ^jy .3jL>*lj <GjIj 4 In 3) (jlL»U 

4_LsJLLil Cjj i ~ n.( (1.16) JL->- j yji JgjL-ftJL ->,11 4_2 jI_!U! ttnrtill 4 _^jL^ y-^y . £)j}}^U‘} 

^jJl i tn » ts-\Wy 3jl^j>Ji 4_>.^_} {^Jb f .LJJ 4-jj}4IlJI 4.la3iJlj . y-u\ j 3ll (Ju^i 4 _jjl_>-^a 4 »1 a 11 4oj^I. ill 

Jl1£. c!JwLj>o 4-u312l11 4-U3Ill oJufcj .4il>- Lla Jk ,Ui JjL-alt *LU J^-i^Ib L^-AJkit 

. 4.58 ^jL-uj dajLtlsj 0.01 C iSyl^J 4_>. ) \ 

plxii 4_u3^2i]i 4_Ls-aJJ! 3 j1j->. 4j^.j j < Kelvin /j-4K 3 jl>. jJi 4_i3 tVi^in ^jJl ^l^ Jll {jm\ ^ic-j 
jLlo.VI (jla J3j .(^wil^ 3a_>.^i! ju£, 4^>.jjJI 4^c3Lc. jlc. Ja^V) 273.16 K 

^_uLj-3JUj fill jLicjj Jl_lL>J1 ]n 3 ) ^1 .^1 ^lf. ^ IJU 3jl^—>JI oL>.jjJ {jllaJLt j 3 U t tn /j » 

(jj/L-J-3-6 1—uaji mj) J)1UU ^uLa_3i!j . fLUi 4_p3lill 4In3 III <.lU JllUl 

3j!j->JI 4_>-jj ^T-H <.aj SI 6j\ m "< -%-lj olj^wji ^jjJl In fll (Kelvin Scale 

<L>.jjJl 4_3il>U 


. ^IaII 4»u3lill 4In3 ~31 ^jlUU j. 3inll 1/273.16 4 j1 {j In tyd 15.11 


Temperature (K) 
1C 


4 Ju^ii 41 13 H 

y**A »all ^3^1-^ 

{J 4LQJUU. 11 


it ^cla^ 

M 

wLi-A 

3_5Lj-u 1 A 

(J 3 1 1 4-3.Jj 3^1 

10- 7 K Uok 


10 


TT 


Hydrogen bomb 
-Incerior of the Sun 
-Solar corona 



Surface of the Sun 
Copper melts 

Water freezes 
liquid nitrogen 
Liquid hydrogen 

Liquid helium 

Lowest temperature 
achieved -HHK 


~i y'j _>JI ol_(5.16) ^)Ss IU 

■ iiXifc . ^3 1* tif 4_3ikdl 
^L. 3 a a , j|^ A U CiLJu-tll 
^xjjLL^i ftujjpi 



(4j>Ijj*1I ISL^UjoIIj IS-ulS^il-JjVlfJaJl) cb^diJl 
’ 5 > AIjQ 1I 4a2ul1 3jl>>. (1.16) JjJUv 


(K) Sjtptita^jj 

( C) 

4 uUtt ikuiilt 

13.81 

-259.34 

4_uyiilil 4 La4 til 

4.215 

-268.93 

^ 1 1 i J11 4 t-v n s 

17.042 

-256.108 

Julc Cx ^>-J j^ll 4 Lz-tu 

33.36KPa 

20.28 

-252.87 

4_Lxoj 

27.102 

-246.048 

-i 1 1 f 4 i 7t i 4 L*s i ! j 

54.361 

-218.789 

U 4^u>IjJ 1 4laiili 

90.188 

-182.962 

Lrc? - ui55?i 4U3i 

273.16 

0.01 

f-LkU 4_uytiJ} 4.Ia-a}Jl 

373.15 

100.00 

^Ul (jLxic, 4kavu 

505.118 1 

231.968 1 

JjJuu^2jl Jl 4J>0 4Irani 

692.73 

419.58 

ciLyJ! Juc->o 4tan? 

1 235.08 

961.93 

4x^411 Ju4J><J 4 t-s rt t 

1 337.58 

1 064.43 

Juom <cLuj 


National Bureau of Standards Special Publication 420. May 1975 jc. i jjSjil jxaill r-^y * 

. kail} 1 J£. U ki-tA S*£- ^ ilJl ^ua. 

^3-ILtx.U j-n-uaJI 4nxj3j 4 j t j olaJl oLxLq_aJ1 cJl!LL>J> 4.n.Unll 4 j».jJ 5.16 {J5v.ru (j^-u 

/yi t~i tf\jQ oljjJi jjnijl 4 ju!M ciilj 4 _A*jlU c_jjLacIlll <jl Vi L^jJj Jjn-ojJ 1 

.jlkU j-gu^a.11 i J_>- 4_u^3 CjL>-j3 

^4-J^SLJ-Uj (4.16) (J^Liu L*i-£ J-O- t-ail UtliOj 4jji^->. 4_^-jJ) {jl jJ jUJ CjJuscj IjLrfS 

£)f 5.16 ^<s <<> lilt i _ y 3j 4 Ljl tu a jLiJI Ijufc ILseu ^jJt f.Lc.^JI (jr^ 4aJt—uaJ! 

- f ~ 

43lia <j^3 4-g^ uxfV^ij g-tij.i4.il 1 a ^cj 0^3 4jIjjJj>J 4^^>Ji 43lla ita < u^jla t.i-ujlxxJ jLaJI ita 

^3 j-a" i iu\j oLjjJ 4>J1 c_n3tjfrlktli j jjuail , 1 if. jJljuG ^jLcoj jLiJl CjLuJ->J 4£Jn>*JI 
J_laj 43llnJI (_>-kju (jl Cuu-ij 1 rtfc •>• 4 L^Oj^u Cxlaf.! 4 j^J^j ,J| VJ .jLiJl ^£jJt pLc.^JI 

.Zero Point energy jJu^l I 4Un\ 43 Lk jikJU ^4^.11 jOc. 4 ^.2^ 


( 2 ^jfW (jill Sj ClUfXrf&J (J4jj<aliu yXA 

The Celsius, Fahrenheit and Kelvin Temperature Scales 

({^>415) 4 41U1I 4n>-j_5 <J£. 4_>- ij— & Xq 4_>.jJ £)! (Jtij (1.16) 4J3I —*~a 

4jJl 3 oLwjj ^3 LiijJa <jL3 (ji-i-ul j3ai\ Ji>»ij 44wjjJi ^ t - > * (ji ~^3 .273.15 C jl Ju ic.j 

f 

Anders Celsius (1701-1744) .Lu^l (2) 

Gabriel Fahrenheit (1686-1736) - William Thomson, Lord Kelvin (1824-1907) 


(mT 



t i jJlifw tJj*xaX I 


^ 653 ) 




.jbu-oil 4 bb jtj~>.| iba 3 -jLiilbj (jbw*bJLLU& .5 K tfjJuS 3jlj_>Jt cIjLvjJ ^jLmJ 5 ( 

qmja i jAj. a a 0.00 C ^bLu 273.15K. ^ubJbs 4 _>.jj j^>o <-ilijJ») 

{ju/Ltg a cr^" 100.00 C ^bLuj 373.15 K ,<«~i jlb-iJI 4b/> i ^1 *LU (jLilc 4 jw^3|) 

. ^yu^JLj-ul L •< 

Fahrenheit Scale ^Ltba ^a 3jl*oI! cabV^Jb 4_p^JI SbpJI ^ ^,.i V;.».U "b t 1 

^y\j AJs^bdlj 212 F ?. LU (jbic. 4 b rt i J 32 F (jj/buaJU ij-A Jl_lL>JI Jq4.:>o 4-b iii <) 

: (jr^ 1 LH^Ui') 


T ¥ = \T C + 32°F 


( 2 . 16 ) 


* (1.16) IbUI au>-^j V IjUj S(2.16) 4_bb_U 2 Jxbtil (jr jb^_t^i]| b» 

<L3^Lc. JiLxljV (2. 16) 4Jj>b_>a ^Jljt " nii,» (1.16) j-Jj-coil jbuLx-V! fJ ^ C-Ojj t jljblu-o! 

. {Zj.j.£ l^j j < 2 1 u ^jjujLw lc. ^r\» 

Ar c = Ar=|A7 F (3 - 16 > 

SjlWJ Jj>>u (1.16) JH* 

nt\iti 4j>.jjJb Sjl^->J1 4^.jj 50 F ^b^?! jl>* 5 ( _ r 3 

J <^>-*0 (2.16) ^^3 Tp =50 F J5bvb 

T c = I (Tp -32)= | (50-32)= 10°C 

(jl JL>U (1.16) 4 JjL»jO (jj34 
T=Tq + 273.15 = 10 + 273.15 = 283*15 K - 

Laj_$ j. i i. (j^ujLSJl! (_yl^- L&^jUojj n ->»Uj 4 rtl» *11 ajl^ >Ji CjI=*.jJ Q-a 4-C.j o -a-.a ijJLL* 

: uA? 1**"’ 

32 F (JjLuj 0 C dU! ju^o 4j>-^j 
50F (J-iLu 10 C juc 3j(p>- 4^>-^' 

86 F (JjLuj 30 C jU- fjjs <l>- ; i 



(^(^1 ISLaLujtftj ISLilSLtl- JjVujaJl) 


S» V"• }►' ;>*. • ; 


:gl4 Aj glcj jr\jaiii' ) 16.2 (JLc4 

(Jjl j Sa ( _ r lc. 43j(_p>- 4-a.jJ UT^ y ,*-*-"JI jLliLa La 80 C 25 C [jSc-tM itLa 4 j sLc._j 

. i~<jg i^aIaj 

^ -LLul l ^gj l < nj < a l . m i jj^/1 .; 2. a 3jij_»JI 4x>-j,J J ■! * ~'l i Sj-* 3.16. 4jjLua {jA 

(jl *i 15 ^jjiLtiLa (_yL. 4uvj.S 

AT = A T c = 80°C - 25°C = 55°C = 55 K 

(jl LUjifa Jl^o 16.3 <U.sLia (jaj 

, _ ,, , _ . /cc’ni _ nn°D 

'F-jiA^c- 5 


AT F = f A7L = f(55°C)= 99°F 


,,.\ij A .t.^tl j*lA. * ^~ti > ^4.16 

THERMAL EXPANSION OF SOLIDS AND LIQUIDS 


jl^aJJ 4_al^Jl ^JLa.1 £ya AjlaaijAH i~j«i JUS 4j1 2_L>j 4xa.La.jJI Cjl_pxa_jxa^xil LlLxiIjJ ( _ y fl 

La£ Sj!^_aJI £Us3jl j_a i 6 * T u«<5L tj uijiJ p^un) 3jlj_aJI 4uajj ^Laujlu ^aufc-aJ! jLjjl ( _ r Aj 

^ La La L a j i _ i_*_1j Thermal expansion ( 3 ^(^aJl j,,ua~.tl .>1 ^jUl a! Ltf jla . ( jj 1 j juu \ \ . <, 

( _ y jJI Lllj (JLa ^^(^xaJ! AJjauJL 4_LolaJI ijxasl^xijt JIAU Jxjua tr^ • 4 j m. > 1^11 CaLat, 1 V~ < «VI ^yt JuJuJI 
J 15 , all JajJaa-j 4_uLxa^ HI 2 *jtj ,.. II (^yjLxU i_yS L&J^-a-j j_a Jlj5? (6.16) (J5 i'i t _ y J3 LaIju 

dlLa-jJ j -Jlj (2>A 4auLi!l jL-J^n ^^3 CjI^j i “j! 1 JjLu (_ySU (_£jLSJIj ^ a.a.VI ‘ i jLI I Aaj(^>.j 4jJuJ_aJI 

(jt J. ; , L , ~ i. < i u Liilj ^ <ii (_^5Llj .^»Lta_A.Vl calji jLjuVI (jr 5 j,_ l,« ,~<3I {jc. ^LL j.La..~2l 

cjL-jj (_yA .(7.16) JSLii U& lSj- 1 L*^ ALx^I^j 1$«<•>»!» 4L_u^a eiiijjJ! 

JiJJJa. (_y3 (j^SL abjijjJ! 4 « Iiij ^Luajt (Jj .->■ SjL^aL^Ji CaljjJI i—l.tl.t Tt SjLaall 

• j» 10 Aa JujaXi alatjjiJI (j\J JJiUsLiiltj .^yJk 10 13 lJ jZ j^lO ^ 

. ^ 3 H gLi 4 li^»LaJi 4 at . „11 jjjJj ja3 CaljjJI 4jjuj 4 >j« ^a < ■' ~><JI 4_>.jj jLjjl j->a 

JJLaoJ! |_)xS jLuLi aXjLUL, t j <, .11 jJLajJ! (jl$ ii) . ^1 1 n-wVl JJuaa Uilj {jC. 

(J^la l .a i . a-^ . (jl (_>l3^JLaLi . Lj^JIu 3j!^_>J! 4j».jJ (jj £ j.l « ~a!i ^a i_uaLuJ jLujVI (jA Juu (_y3 j _>«~ !1 (jli 
4a».jJ AL jl..i2 a.' (JjIaJ! jljjlj La 3j!j_a. 4^._)J Juc La tfLaol iJ ^2 Lj 4ujljuj5n AjLaul JL»-I 


lips . 3juaL>Jl jvLtoa.Vl ^3 otjJuli 42LLa I -r- ~il 4jjLaXltjajr. a « j ^ U11 ^x. ^juu ^j1 JjLaail 3^1 ajj-aau (3) 

.4jJuJl 11 4jtau jLill jJji V CjijjJI {^rtu oLLLU [jL <^La 3 uajujaU 


(ST) 






(^65?) 



^-J-t.J ^JoLm ^-LjouJI ^-it-Tii 1 4_3 ^_*_a e^uLili ^y3 4 jV I^Joj * AX 0j 1 > X n a 3jl^_>Ji 

r^LU! j* ^Ir. (X ^J alnii JJw^DJ i Jn.< ucyA i—£>j. x.i <.u$ i3Jj>4^ 4jvjJ Sjlj^Jt 


MIL 

a = -- 

AT 


(jylj- iaJI -iJL-ooli lI^-L/J^ILq 



£ju2> lT 2 f"*- ' rT ~ l —4. MI (cl) (6.16) 

i ji (_Ju_ua_Ii Js J-aJIU 4_j* ■■l.’u £_La_$jJf ct-Lstjl C t J. r *- s 


^4j-uj Cu_aj 3^i.j ojLcj ^L$_i lJr 3 4_JjlnJi (b) Sjj,U! j.bVt (> 

. Xa jL>Ji Sjt^». 4_>-j3 ^-Juj La-Lie. ^IiLjSL}'^! J J-LoTJL XxjLstli 


^Ja^xxuJj Sji^Ji 4evj,_i ^Js S^JLuaJl CjIj-j iuJI 4JL>- ^j3 OjLj jiJuLa Ct <jf c-JjLscjJS CUIjj JuSj 


: 4_JLiJl 4 _JjLlM lil 1 j l~u&j CjIjLu.^JI 


AL 



la^ L 7 £^tfLi_-‘3 (7.16) 4 ^^tit 

CjijjJl . 3ji- 4 cjijjJi 

4 in. mj— a CjIj—5> ^ le. 4_1 _j— i —a 

jjySU oLiC ^ ajj l_$_ur> —* —xJ 

j—eU 4j^i I 4_*. ,j_ lLL i ^_u3^3 

.ol^jJl 


aLjAT (4.16) 
Ls J! 


U ^c.^i.>J I ^ Jr 3 I 

3jije>Jl 4_>.j_i ^-ul1?1 £-a u-t-^uLuJ 


L r L i = aLfT r T l ) (5.16) 

3jl^->J! Ll>-jj L ^-a X^, T f -4 (jy^L^llI Ly- c^-p- 

Xx j-u^-ILq ct c-t^-oLeiJl cplj tc-u-ujLill ^yic. 4-AL^iJ!_$ 4_p! jloV \ 

. C ^ (J>X* '» 

j.i &) ^a<c“Xl jj usUxi L)t ju ell Ly 3 0^^ 

(j\SZ-t-u3o JIMI ^J-L-LU o \ i 

LcJ ^jL_*_>l jijjJ (8.16) JpJU>J! ^ 

^y-laju 2.16 (J^Ju->* .4.16 4jjL_nl 1 <i i!r> 4-sr 3 etl j. 1^4 ulU > 
Ct (ji Xk>.V 4..ili ->JLl J.L x^*ilt (J^sL-jl- 4 tin •' 

4-_>.jJ ^LXjjIj (jr-Ly L*^>j —<^_>J 4 —Ji - - v- ^ «» 

3i^J.I j4xi lXI °t O^L>Jl lJ ^2i (j^eJ LilJj (jl Vi 





0^\j^\{Su4 Ujdtftj \Suj\SuX\' JjVUJ^O 



^Laajl (<JLa €t ) JmaJl /j^a 5 v u 1 (<JL>-jaJ a) 0jL*a! Ju>.t JJLoZu C'& CO3 0 _u_uJl$Ji jJ!lx 

. 3jlja>JI 4avjj 


^In mil ^jstoJI j^-uClj <j\ Ju^_3 I ^.iuj ^ajuu ^iaaoejl <Ltia_>JI -iLauVl (jj C*.ta->. 

4_>-j J J. ij-all j->a^ Vy jCu^I £-A L-JU. <iLaJ tin*. *>>11 CjLu £_ai ^-?r ->Jl j-a-iajjj . lJJ Jafs 




: <U.>l»H la: Jo 3jlja>JI 

AV = pVfiT (616) 

4aLuoJI ( jr AOca> J I JSjL-^all Joaji^a -* 1 |3 Ca-^v 

1^1 j)inll j.Jl a"JI Jaalaos Jn_m 3^3 Jliast O^la Lu^aJ ^ji < a\ 

^4> JlJV Ij ijub) (3 = 3a <jf 

(cjLaL>uVI 

_j_ 5 1 t<_aL^i II _ 3 tll (3 — 3a q\ <. *C 

T- Lc 4awjJ 4 -a-Jc-O^ h ,C0 Jl (jj-b fijLut Us^JuaaD 

T- 4* AF CjjI_udj 3j!^_oJl 4_>-jJ Cj^— a —*j I lii ^0)h —mj V- 

jLat_)i ^JK 4 j—*-J 4 jj ti~*a .->■ V- + AV <.n jl J j * - t a a^ 

£)jj .4,16 4JaUJl Lda-lo ^aiulxt *j Jl 't i^n.11 


^jij-_>Jl J J . 4 al t (8.16) 
^s^_3l{ tj^je-LuaJ . ( _^jL?cJLa £-o_Sj 

aUuVl £axu». al 


v;. + AV = (£ + Ai) (CO + Aco) (h + A/z) 

= (£ + alAT) (co + acoAT) (h + ahAT) 
= £a>h( 1 + ceAT) 3 

= V^[l + 3aA7 + 3(aAT) 2 + (ctA7) 3 ] 


i^ill 3jj>» 3l^ji iJ L' u s jiat tlaajIU(2.16) 


ihutJJLA 

arc- 1 ) 

3ittl 

Jat MA JtXLUjUA 

A -L+a) t 

arc- 1 ) 

SjUI 

1.12 X 10- 4 

o4h! dyxZ 

24x10- 6 


1.24 x 10- 4 

Oi>“ 

19X10" 6 

\$ V1 ^uLscJJI 

1.5 x 10" 4 

£)JpL fc>l 

17 X 10- 6 


4.85 x 10^ 


9x 10- 6 

(LpUJt) s Ujpl 

1.82 x 10^ 


3.2 x 1(H 


9.0 x 10* 4 

4JLuaJj3 

29 X10- 6 

Lua^Ji 

9.6 x 10 -4 


0 

t— * 

X 

1 —H 

i—cLusJ! 

3.67 xlO- 3 0°C 4 ^-jj ju^ 

/0.9 x 10- 6 

(Ni-Fe ^axui )jUjV1 

>.665 x IQ" 3 

^JJlLlL^ 

12 x 10- 6 





,>AJl_>J1 j_^L>j4JjL*-U ^yA ^_3>IaJl ,J$ - Jl^JI LillLj *3 V: ^JjC 4jjLjtil ,_£l>L> Ll» < a 4 ij! 

• v; ; 

^ = 3aAT + 3(aAT) 2 + (aAT) 3 

juu(a AT ) 3 _j 3(a AT) 2 J jl^J! JU^t !;*».. AT < 100°C jjSS L. aA T « 1 o! 

4JjUII t _yicL (J irtT 1 I |[ L_u^2ull IA-'. 


AT 

V; 


3aAT 


i_yAiij 3a — P j)l 


. 1 AT 

3a = — - 

V; AT 

(<u i^yij P < nj 3 JjL*JLI 0 J- 4 J lAj-UJI (jl j/uj (6.16) 3J.sLad.l_j 
3JJLdL) ^ U» < dljL* . „a d ts^] 4j>*LuJL 1 ( _ T fl 11 jl C*jli j)l j>LxJ 4jLaj2dl 


AA = 3aA|AT 


(53 3Jl_t^a 


CjAj iil 51 ~< O 3 L$J t _ J JJJUU (J^LjLjO 3.sLo ( JSL! (2.16) ,JjjL>- jyO tSj- 1 Ld 

dajlisj jl. id 11 (J titi'nj ^^jl JGj 5H (J^iaJl (_^idj 1 <t ^1 i—AuaJl j^o >-^-l_J J 3i*dl ^LtHI jj^o t. .m id a 

jL J . ( t 1 i^ll ( f_l ^ jj_4 J—~! M V I 1 " J ■ ■■ j. a i. j.1 lA 4 jjl—b 3 Ij 4 -olI JlToVI 1 4 

bimetallic strip ^jjl*U 4_stj jjiu ^ a <»3 4 b>^ t iu 4lj < L j-<i-c (jr ^ 3j^tIbJI ^ju5> c^j-itiLijjl 

(j\ 3 < a i A (j\ 3l" V a { j r A ijaZ.* lAj iyCt^L^j. xZj ^ya 3j1^_>J1 CjLjvj jJ ^.Io Id *5 ^jLgfcTl mJ 

4_2cj^u3J1 a33jS 4^ilt5tjl 3«.s (jUjudl 4_stJ^_i3jl £>4 j>.jJ L/3JulC.j L<t ^ ilr> » < i 

(9.16) J£L^^ US 


(_t-L ur> 


^jJJ! 4_>.j^ 


I *> i 


(a) 


4 • A3j. a 




Lu -jJlJuq 


25°C 


30°C 



orr 

(b) (c) 

(jV 5jl^J I 4 _vjA ^-i t3 4^tejj_u!lJI (a) ^yjLu-I! (jJUt l l (9.16) 

^ijJS (c) 3 ^jI j jl -J.4 a! CjU I 1 ^ ^Jl_V ~*i m3 tjr jl_iaJi 4_3CJ^—(b) ill 

4jg^old jJjljw ^5 i_ *_u_uj 1 juMAi i 3jS~ .4^«> ^Ju*-li ^jLITJ \ i^^-u CjllL-u^o^ol 



ISLydUuJilj ISLutSLdt - J^Vt 0 ^L^Lalt 






cr- p- 


Cu^J JSL.JI /^ii l-4-^ ^ {, Ujj-tM 

Lu^ 3~i j."i.<; .xLLuu 2 jij^U ^jjC 


1 4 tU^ji J^i^i 


till <Jo» Jo Ci i xj jj a I ts> ryi ^3jSu ^j-^Lx^i cL-o jLx_3 L 4 .«.Lo 
i _ jr 4_uij £_L>3 (^Lu^j-sV! ^jJ>-^\ (jjJ ^jCu^jjV! Jo-! 

( _ T i C. v.L-X.nu.} J 3 O .3 JtLv^LlLi^ U-^-Jj J-Lu !3 <Lc.j..mJ 

juh JJu-c-lii >—S^Lxo-! jj- 0 £oL> Joj^u.uJI J^io 

L^J (JyOJ i 4_J^-Uw>^l Jll^ I Lr ^ JjL U 3 ^ 

. JfLLli (J^2> L -fl-L-Io J-ULJ dao-^Luax ^O-Lull ,m 


^^^JEaBESS 

. I J> ^yO-L-a s-L* (^3 <£.^ . t g .) <5^JtJt AjIjO- 4o-jJ ^^ulLs ^5 ^Jv^-L-ail 3^30] i Oj-^X. I j j 
SijU. 4 ojL^JJI SjI^oJI 4o.jJ (j! M-2 l 5 <iauL^j l5^lu ^'^xjulA ^jl diio-^-lj 

*^^QE 93 E 3 i 

^uu ^Ijlitou-uLj 4_iiLc 4_t-uul.i-u.-y. 3 J /^o-lo-j Cl«Jo Lo I jl S^jlo- 7 r_j-^.Iu-o Cxj^ l3l 

SjLitJ c-S^t-y osLL^ -JjL_a ^3 ^io-^Jf gjj (^LB 2.16 J3J0- jl^il 



JUASLmJl ux»u^jS 163 Jtla 

4o-jJ Coli> La J_L. 30.0m 4 _ 13 L JuJoJl 4fv <ii.i 1 l. m juo3 
4—>.jj ^oLjL 1— cjJlC. 4J3_L> (J 3 ^o ^ (3.) 0.0 C Sjij—:>JI 

S 40.0°C ^1 

4o-j J {J ^3 3 -JuJl jjl 43 jUL^J 3 2.1 6 Jow ^aj jLtlt^uLj 

: i^Jb ,^3 AjLjJ! <jl Jot-Ly 40.0 C 
AL=oLjAr=[l lxlO-^CC)- 1 ] (30.000 m)(40.0°C) 

= 0.013 m 

4 J 3 X 3 (j0 C jJLc. 30.00 m ^3] 

30.013 m ^40.0°C jO^ 

L^jISLo (jt 3 -i.~~i.~x.-tj J3 t,o-xia. u! I CjLj l.^.i jji ( 3 Oj-j 0J (b) 

/ 

j! J—La j-A 1. ^ 3J—a '1 11 CjJL-Ste^V (jr L_>* 0 C <Lo-j3 JLlC. 



C« 9 > 


. 




I jMtA JmVltl "Htfasr/.#»$SKMMW&-V>» 

40.0 C 4jvj_j i~.t n~j I I jl (.1 n^-iall fjj) ^jJI 

*cW 

^jL_uj ^ laJ l jl^-wVl Jc>u (6.12) 4 Jj1jl>i 4 tUoll ^l.i.u-->-^J jJ^oLjuo cJijj-aj ^h 4 

r AL _ F 
h A 

tj\ (12.1) j-Ikj! 20 X 10 10 N/m 2 ^jL-uj ^ y Luj 

— = (20 x 10 10 N/m 2 )( ° - 0 - 13 m ) = 8.7 x 10 7 N/m 2 
A [ 30.000 mJ 

v 

( _ t £ il-ir, 1 ~ill SjJa jl * * " 1 <1 °> 30.0 cm" i _ r j& i^.j ■>» *tt ^ a a ->.1 ... a o,[L$ 131 


Force of Compression 
2.6 x 10 5 N «2bL*.Yi 


The unusual Behavior of Water ^Uil iLuJl lL?^L uJl 

j-±£f 1 1_AJwi-4-i ^oIjl>6 d^-uujJuaj 3jij_>2i 4^vjJ 4 ^oLc. 4 a. is\i j! 

L-4^ i 3 JlC LaJ I £ JlA ^-iuj *UI <j1 VI 4 tl t^aJl ^-4-^c-T^J 1 JJL4 jJI Cj1j->3 

4.0 C J. 3 is-> 3jlj->Jl 4_^wjJ ^LdJji £_>3 .(10.16) JSLoj 3jlj^>JI J-A 4-iil ixSLH 

fU 3 jIj_j>JI 4_>.j2i 4l\S) ,m JJ.4 “J 4.0 C (j-4 (jylc-lj <4JL^LiL^ ^3 ijr 0 ^ *U,1 g"i ^ ij 
jjLxItll LjJ^Lqjj 4.0 C jwic. 1000 k^/m 2 L^i a a j*? ^^ylc! (jr^i u *LU . 4H3lL^ 

>t^3 Loj-xA.5 .^Ull ^u-2j wile cj! ♦ 3r< < <41 <?Li-a jlq_>o j. a «31 ^L^ii -}Lu_ti lc. 



c La * ijnj 1 J-ixi ?ua tU,l 45 j-ajl£ l 3 jX (X0«X6)^^S^fcs# 

.4 C -Uii L^i ^i^.1 ^Lll 4isli£ jjl £jy~i (j4^“ c^*l^ 



(ISLj-aL'uJjtj tSLulSL t XI - JjVlfJatJl) ^.Li^uiJt 


M (ji (jr+xi t JUkj . {jA 3 ^JnxxJl JLlC. ^LU Jjt-U 6 C 7 C 4j*»jJ 

*U,I JLao^J 3iljJ 4^..p.i . 4 ^j e u% . jJJLd Jljlj 4^-0 4jV 4la < <>1 ^3JI ^LU 3-° 4-£llL^ 3 _j£ 1 ^r L mil JuLc 

03^-* 1 xaJu f. . -ij-xj ^mil ^j J-iLmt 3^5 ^IjJ! *11,1 j-Jujjj ^J a in] ^Jj ^r; L > <31 


. 4Li_mi tLii 3- 0 4j3Lil£ u^-jJ 4 jj1^_3- 4-jwj^ Culd l—»1£ ^U1 3J.,<i7o . 0 C j 4 C i_yy ^»J! 

. ^_Lx^oJi JLLc £-0,1 3! • 4_J_ii_ 1 _uJi ^ 4jj.L>J1 $ UJ CjI. x?. i]n 3^4 tlr^l-^Ji 4 3.x; f. 

LcJLu ^lLs.x.xlI 1 Jual>Ji ^£»1 j3j^ . £ LI! 3- 0 4-3 Lli^ ,JiJl 4_j V Jl.aI>J 1 *U! LajJ^^ 

3_!Lq_lxjV 1 Cx-f. [ t-w < <3 LI ulUj_£ ^_xjVI ^4-1 ♦ 4 C 4jvj 4 Jlic. ^LliJ! *LU 

. g- Li Al 1 1 ^ 4ii_ya J u^ JX-D -^^Uli jLs*_iJ! 3I 4_uLU 3 L l>J 1 ^JlSLCu! 3- 0 


^IUUljUdl i. hts*j v ^S.16 

MACROSCOPIC DESCRIPTION OF AN IDEAL GAS 

4j>-j4j P iLy« js~> jJlC. V 4_4_j?cjv 4j->*J-* ^ ALLIS' jLc. ^j-ujJ- j ^-t-u-oil I Juk 

CiLixgSJl ufiJG 3V 3 cuj_j 4-IjLaJU 4_-otc l^ua^oJ oLu^SLH dJuk dcup^3 t T 10.5 

t^z-aJxJLa (jAAifeJLa C*->u jLiJi (3^ ^] 4_jI . 1 Jl_>. 3jL^Jk_4 4iL>Ji 4Jj>Ljt,<3 

4_3Li$Ji jLLH Iju^j . 1 ^lL^-C. La^L^c-jI 4-L>Li.u-JI 4jLc. {jy 3 4iUJl 4 JjLji_a 03^ ^4_£Lr^Jl 

J^-u-xi Lx^ .11 CjVji.1 4JX. 4 JVjlj Us ^=->- jLiJi 4_ux^ ^c. ^j. * i q\ <.>LUi ( 3" y ° ^^(jr^LlU 3UII ^ xa < «j 

I J..I ,f. l$3 —4_u 4-^ djLo /)_x3 i(3.1) ^ t-u-dJi ^3 L— 

^t 3>-^ n CiV^Jsi 4j-c. ^3 ^ .^o1^j3-=^ ^1 cj!j 3) 4j 43^3,1 cjL x; .< .->J1 /ya N^— 6.022 X 10^^ 

4^3GJb 1^. 'i.c. yy*-} m 5jsU 


n = 


m 

A/ 


(7.16) 


M a 4 4 (g/mol ) CjI JLjv-I r. j,.l ^3.1 ^ < <I 4 j-taj? ) S^Uli 3 H 5 cl^l 4 _LiS M Cx. 

( _ r A O 2 o^r- cIh 3 <J_>^3 <UiL^ ^ 3 ! .32.0 g/mol ^jLiuu (O 2 ) ( 3^-7 ^**fC^LJ 4 _jJ^_U 4.17^11 

• 32.0 g 


jJb Lc^ LiJ 


1 4 L 1 xjIjj 4_^e-=w j. i i x~ ^^3 LJLlLxa ijlc. ^31 


^(3^Lixi ^J] jt-iJl i Ju^JU ^ l ifcLt jj i J_>- 4 X>>A-V ^ 3 UJI 3 j!jh>- < I Ju Ju>0 Oj^* 1 C7^ (4) 

(jjJLj-U jUi! ^xi.xa jjt VI .4i 4^>.J V ^JliU L)l ^Ijll (jr^ • Uia_4ie-i>i <33^-* <^>tt 3^3 *l4L>- 4_Jt4j^a 03^ ^3 

CjLjjJh^- 31 ^ jL*^l .^JLixa jLi^ <£iL.<u 4 3>^juuail JUx:. jUJI 3I Jlkla 3-^ I4 l>. JuxLa 

^3^4^ ^^“3-^^ 4jjLaiL» lwL>. jyxjuz 3^3 ^^Lualll 4JL>- (J7 jS IJlC. L« ^^iajt-JI l^iTsaJ ljr i^ jHy V jLiJi 

. 4JL»jki 3$-xu ^ 3-0j jLiJI ^3^- 





C 22 ) 


jjo (^l jLiil 4 1"5 0^ jGdJ Lij-<-j cjjl^j ^ piston q u j 5 1,1 (ji Lu-^a-^1 bps (11.16) (J£ba <_pi 

. 4jjlj (JIaj 4 j '$y> 


: 4_JLi!l CjUjIaII 4 jl a ♦ 11 i_jjbtoJ! CJ - u ^Ua-Lll Ijui 

i4_a^e—>• £a l._i j.iSb i_i_u<Luj 4 U l (jL^ 4 JuLj <5jp_». 4 _>.jJ Ju£. jbijl (Jiao La J-O 

43jl^>j>. 4^>.jj £_a LjJ^L t ,, ,,\ ;-M jjL Lulj jlill b *-jJ-> JLj La jJic.: Lulj (Boylfi S Law) 

<jS^> oIjlaLMI oaaj (the law of Charle’s and Gay-Lussak) <aJL^ ^L^j JjLi j.p'-Js) 

^Lil jLii! 3JUJ1 bbbiaj 1 g lr. j-i-uall 

PV = nRT (8.16) 

4 ~ a j a ^i o-iLi y 4 R.,ideal gas law ^JUtll yLiJI ^j^abs (^aJl 4_b l 11 .1 a jl& 

(j^s JjjLjdl (j,L£; ojLse-jJl O-Lu Jl3_j .,j albiLi 4 nlt-iM 3jlj_>JI 4_a.jj ^yjfc T j CjljLiJI £j-a—>J «Ja».p 
<ai- vjj CjljLiJl a ~n! R a -y^lt j.mi (^a ii" PV/tlT .jp3 j a l ail l (jaa dbuJall bl 4j| oljliJl 

■ Li atajl 4 _l3 j-,l «j (_$jjl SI(_jal_taJl CjljLa-^J (_y3j .CjljLib |»L*J1 CajLitll /? (Jr a-auj 

jl jS-a. £yj-u <Gjs^J ijj £4 PV (Jj^aLa- (jlj i.^ < ♦‘C 1,1 ^JLUj jaase_>JI_J (1 Pa = 1 N/m^) .ill— lIL 

l^ la^ R ‘ J_j^- 



R = 8.315 j/mol-k (9.16) 

(1 L — 10 3 cm 3 = 10 3 m 3 ) j^UIj jaa*u*Jlj ^>JLj >f~>«*>»ll jyc. blj 
^ Universal gas cinstant R Labs ijj£> 31 jOc 
R = 0.082 14 L-atm/mol-k 


(yJLla jli. (11.16) (JSLui 

c-i 4jl^laj_ol 

^).ii y^C. -a I 4 —<i—sc—>- 


Ajutjjjj 4LL L»jl 4 4L(y4>o 


Uj-U3 4-s.1->.j 

4^_Laj ^ySJ 1 ^ ji l^_>.j 1 ^ I .L f .Lb 
1*11*1 4__ >JU jl— ill Cdl —C.1— ^—‘'i 

LiUj Jljlj 4^>.L>.jJl jcJL5 

JjLJI {jja 4-La.oj Juuu (jl (j^j 




(2 U)(j£b}$ ISLmUjjJIj tSLulSlH - JjVf *iijjuaX\ 


jLe q-a dJjLuij j^jJi ^?r. ->Jl JLseJ -lm (8.16) 4_!jLjlvC <?JlA R 4- <a.j .°i szZ. tuL> 

4JL>Ji 4 JjLjl- a Lfe^x. <ji jlju <jVl .22.4 L 273 K 0 C <In t uZa !1 jle 

:^Jj U£ jLiil (-JiJjJkJ il£L/u 


.2LeH>4f daJI -lie <Cut3 (PV/flT) 4.^3 4i j^£j jUJI jUJ! 


(jl-3 jLiJi (j-^3 o^Ju^s 4.4-iwjJj uLj £-a 43f ^ie. ^Lail jLUi 

jjl l>w . i—iLii! I JJt> 4-jlj-j 4 _o^ujjJII IjjLiil oiA\ 4j>.Ljvj 4_Jl_>- U> Jl>> I 131-3 . llilj ^J-llj diJji^ Jtajuilaj! 

dAJ3 jdiLlIi Lbl3 j jlm dJJ-L^ it*ir.<✓>!! ^ji-3 4_Ibl3 O ifc L^jLj^1-3c_jqj 4-^L>-jJI 3j \j->- 

Jjum£\ ^13 4->.L>-^Ji . ^nLUl <?«il-OJl ^j-a Vju *W« till! a j*l Jlir " u»Lj 

JJkIj 4-<_u^ i'sr a J-ll3 j-j_3l_3_aJl &ju!hj J3LJ1 lj? £ j__t3l_3_3 1-4He. JjLiaJi 

.^L?t3 ^-j-SLUli ^_3ejv jJjl-scJ i-Jufcj 2a_i_tli]l a ~ x - n 4_>-L>*jJ! ^.13 -lie . 4_>-L>-jJl 

t^ya ^Jjl—^uii m ^yjLas-ail L&JJL^j ^jl-3 ^J31_*-u.l 1 ]n < » u.vi ^LjwjJJ 4JL*-3^L_a ^_a_3l .3 all 0-3131-3 

jJl3 (J-jl.3 JSLuJI 7c_Lxi_u Cj>j ^_a-SLH ^ I ^a .t jV ^3 •>- ^L3o 13] . 4e>*L^jJl 

, ^JjL_oJ1 £_3_} Ch Ja_SL-uaJI 4<ljvL>.^Ji ^cH-3 JlLc. 4_jp3 4_>-L>.^Ji 

. dill {Jx33 <j! 4 ju^-uu 4->j->u { _ r 3 


JJjkJ! tj\ O-p-j . N Ollij-?Eiil JJudi 4 J^JlJ J-}-& (_^ O^- 

(8.16) 4jjLit^a 4jll^ JJlC H oV^JU ^JlC uj^-lo 


pv = nRT = — /?r 

A'a 

pv = m b r 




( 10 . 16 ) 


Boltzman’s constant (jLapi^j nuD >* 6 j» 

k B = — = 1.38 x 10“ 23 J/K (11.16) 

Thermodynamic 4 _i_SL a-^sI—Ij j oIj-j— nil P, V ,T (J—!u oLj—<^LJ i {jt j l . 3 . t . U 

^3 4JIjl£” otI jjJlUI j. j-xjuJ 1 31 -ile .4JL>J1 4 J^L*_>s Ll3^e 13] .^LIU jl3tl! Variables 

5 9. l£.j ^jlill u>Uujj>. | o£ 4.16 JUu 

JJu£. Ju ^.^1 . 100 Pa 20 C Ju£i lOOciTl^ 1 ^ ^ I ^Jl ^i.a 



S)t1 l jmL lC jluJl 


(^663) 




Sjlj^JI 4 _>.jJj i.UiuiaJlj ( J7 -& dllajtil CjLl^JI 

V = 100 cm 3 = 1.00 x 10^m 3 , P= 100 pa , T= 20°C = 293 k 

(ji ju>o (8.16) dJ^Lti! ^Ij. jtH■ * 


FV 


n = 


(100 Pa)(10U 3 ) 


RT (8.315 J/mol-K) (293 K) 


= 4.10 x 10 -6 mol 

jLill oUj^jx JJl£. 

2.47 x 10 18 «2uu-yi 


jLc 5.16 

.22°C 3jj^>. 4_^*jj tLitiiail OJ&l ^ aSlC. *i^Jl /^x3 66 ft 2 0^3^* 

{jjjs CXH**3 3 000 lb/in 2 (jllna <laii 4 U * <>> J-t-oj (jl (j-* 3aJt U 

(3-1—5 —jJ \J,33J clH 3 jl—*J1 >» <■“<« U}jl_5 (0.35 ft 2 ) 10 L 4 ~i * lm 

.^15-4 jLiJI (ji L y^jJi j 4jjIjj». 4j>.jJ 5 (jy^" 11 11 jLiJi JL^-p . ^1 jJtILt_^l 

1 V 1 i n cjVjII jjl^. (J-kj uu 4 *3* jl_*JI ^j-4 jJl^ (^1 i—ij.ij.i uj tal 

4—uljL-ihVl 411 yjsz-u-u /jLijlj (jljLi 2 a R y n {j\ Ctj. PV = hRT oljl_til ^L_*Jl ^j^jLJjii 


PV 

11 


w 


(jjIjlIj^?! jLiJI 3000 lb /in- ^^51 gill tbi» i^llj 14.7 lb /in^ jLLU ^^jIjlIjVI < U. *>< 11 
295K ^ SI ^1 oSIjOjVI io-jj . 0.35 ft 3 0 jl 1 ^Uill «u«.j 66ft 3 

<LdjL-JI SJjLm . Tj jLsejV 

D 1/ \ /"-> r\r\r\ il /2_ 2 \ 

r f v f 


T f = 


( P'VA _ (3 000 lb/in. 2 xo.35 ft 3 ) 


T ; = 


(14.7 lb/in. 2 )(66 ft 3 ) 


(295 K) 


UK- 

= 319 K 

115° F , 45.9° C 


t U ^ 5 oL>.jJ I 


J SI 2uJjjJ1 . 


Cjl 


Jp L <-uil 3biil 


JJ-S3 C il j 5~ ^yilii-U jLiJI ^1 JLgeTi.« <il JLl£, (jr^ iU > 

CjI ^-Ioj ^1 JLiel t ol (^ILaa SI 4_JjjJI CjIjljvjJI ^1,1 V*i / «l (j-* 3 


ISLuiSLit - JjVI 


Spray can 3^e 16.6 JijU 

(202 kPa) >JI Jg« .*xli <. 3 *.*>> i«j <.I^t ^ o-ao l_ 33 L 3 jLL ^ 3 -t c 

OjuujI Jl 3 4_^.jp duL£ 13 Lb JJ5l^j JcS . 22 C 4 jvjJ JuX: 135 CHl^ L^ajaejvj 

. 4 JL 4 -&I ^^>31 ^_lxj (jl j>^llC. I SSj-util Ja_i_uaJI 195 C (^1 


PV P V 

-J—L ~ L — / j^.G-ua 16.5 Jlill (_2 

t; 7} • - • 


U£ >JI (jjiiu ^-Ql^u 


p r 

—= —2- ^u^"il 4JjL»JLi jLu^i^. i ^LjjL^Lq ^L^di ^c»>Jlj jluVI 1_4-j 


l 


/ / = (^](^) = f~“)( 2 °2kPa) = 320 kPa 


1295 Ki 

Ju>. Ja.iuJa.ll l-A I3j_9 o»^X\ jUJl i lg » i's) _}!j 3jl^_>Ji 4 jv.j^ CL 0 I 3 1 .qK 4jt <j>s 

.jUll L;r 5 4_c.jLaJi CjI^aJI IlS ^ JuC. u-c^j . 3^a*J! j~sr a Ti <.? (j^Juo 


SUMMARY (>ailo 

.SjuaJj Lq^jjIj->. 4j>.jJ l3j ol>^ ^JLv O' (^1 — 

3ju>- 1 ^ ^ 1 a B, A jL^o- O^ -3[ (jr^ 4 _jj 1 ISJ-^LujJJ i^j. ti i/ill (j^jLdJ! — 

j_>3 (jljJl 4 JI—>- A ,B o ^—a mi ,->Jl (jj£J 35 » C oJU ^_cu_>. 0 I 5 JI <JL->. 

♦ U^JaAj 

1/273.16 L$jJ (^3^- u_^jljj Kelvin /^3l£ll 431UU Bjl^-^Jl 4_>.jjJ SI 4_JjjJi Sj^^Jl — 

. t LcJl 4 _u 5LJ1 4JaJUi 

£-AJ A T £-4 LAmluj (_£ jJI AL pi JLiixJ 4_l^k> 0 L 3 AT jl JJaaI ^.aJV 4j>.JJ Cj^-tJu 131 — 

L>- ^yLug^l 4j^lo 


AL = aL i AL (4.16) 

. average coefficient of linear expansion J^Lsu* ya, a chilli o_i>- 

. Lu^Jj 3a ^jL_aj 3juaL>Jl f L^>U [3 (jr -<i^>Jt jjumJ! JjoLjusj 

jLiJlj . Joj-t-uail ^-A-«^rv. JlIc. Llulii ljij-3->s 4J PV/ftT 4-ga.2 03^ L^*-0^ 3^*^^ CrlLJ.1 jLaII “ 

.equation of State 4JUJ1 4jjUi ^liil 

PV=nRT (8.16) 

Tt (8.315 j/mol*k) oljLiii ^L*J1 R * 3 ^*-^ V ijliJl ci>5?_^o jjlc. n 

.4JL_uV1 4-JLw 1 jluu o^ 13] ^31111 3liJI uJLli.w.o vdLoj.j jLiilj 4311^11 3jlo^>Jl 4_>-jj 







(^665) 


^3 JI^Jo^l ^j-al j £i 1 t_ A is~> JXjJlj ^_) — 8 

(3^-3 22 C 3j!J l 2c, 4_3 j-C. 

<-Lxa^ -JuJ! t JL-^j ^Jxi /^^-d! CjL_i_ol_j_21 


^L^uj 3 JbI 3 j. k 5t 27 C 43ji^—>. 4 _jvj j 


.ciilLjL2 4^uO O-ul ^ nr>JI 33° 


3^ ^3 (J>^ (jr? 1 ^^33' -iJX <—4 < <i3 — 9 

(b) j_3 ( 2 ) 4—_Jl_JlJi Oljl .> 11 

j-lu& \ Jji (c) 

4 *I^__^J1_3 4_^.j . 4 ? x, a lLJj _Ju_jaL£LJI {j-A 4j^JLi “10 

4jvjJ jJlc. 3->L*_u 4_> pLcj 3 s Cj^ »c, 

.<jjJLdJ CjJ^llu Lo < n <<o * 77kSjij_>. 


frl2a1 L^Ib^^U rt <q '» L$_sl 

4—>-j_> ^jtui a J-Ir. —4 “t -a tjl—idj) t> < u\ — 11 

jLiJI jjja t * 6 ' liA 3^ (^3j 3jlj_»Jl 

4-j|jb> n»VI ^r=tx- (jL£ l-il .CjVjJU JJlX. 

B 4jIjU 4 oVt (_y* Cdj->a Cj^Lj A 

^3 _»_a_Ll! daJfc-Jal I jx J j) ^ ) ! 1 l_« i 


(juA_Sfcdll iJy-A g ^Lua -C JjJUJ <xll 4-c!-i_u — 12 

4__>.j_i j_oj^ 3 1_cjJLc brass a-A^^l 


4_c.l .lull 4_x.^—i_u 2 l-ljj 3-^ 

s^_L3kj 3 ^** ‘ “ 3 3^ 


f-ULj 3jLm /^3 radiator uj^aHJI 3^ ~~ 13 

< i ^ a ^ "< c , i < n 1 1 t* <» Lf> LoJlu: 4_1_bL_>. 
l—«j-Lc. 4 a!— qU 1jL<3 . 3 a juV 

3j l j. lul l 4 <j ‘si—a 3^JU 

JlJj j xJI oj —^I ( _ : 3 ^—^ 5 ^ liil—« S.UI 

Sj^JLl 3^^-“!^ 4 u_3JoJI oljLu^jjj 


4JL^ ^3 ^jl ^ m *w 

31 i^>3l 4J1_>- ljr 3 U^_j I jl 


Cj i«.U.I 4 ^>.jJ CxJuajjl LiL^ 
do ji^ —L ui 31 Lo S a- dl 

S 4JU ^3 frliij 03 ^ 

^)LL. ^(. i V“< , /« 1 \a i l l c u -u > . ^j-4 ^SLolt {j-g — 3 

1 jli .C^jLLII ^?c->JI (^j,LiJI I ^^3 

^1-1—3 -1 tC ~>~ < a ^—*—*" u ^ 

L>a . 1 5k {_yjj 3^3 4_uia_4_5tJ^3 CjLj>-j3 
dllj ^j-ul x.a] 4_xal ,.t •> "1 i »! ^>SLq i ^ jJi jLiJI 
3 ^^- cr^ ^31 ji) s 4 —>.j jJ! 

(1.16 


, f.Lo 4.J i -3 ( yul Tr’dl {j-ja 5 ♦ L. A , 


QUESTIONS iUual 

U5^2 u 1 Lh 4 3^ ~ 1 


LiJj^ <~it3jiSlU (33^ ^ 3 X-<Llil t.lo lu^ ~t-a — 4 

^*y3 4 t In4 ^?c_>J OJlAJ iLLc .4_dl_^ 4 j4^ 

S L^jlj^v 4-iv.jJ) boJLx cdj-tliJjliil 


,^J3 4^oJxe^uuJ,l 33L<di 3 JLq_jJ! — 5 

31 *.t 4 J£Lq-4 03^ 0^3 '1 i4/^?l j) t~> '•>- 

OjL^tJ J5L<a^ S ijti (jLajj^U ^jl^>JI 3 Jo4jJI 
S j-^^- Lc^j i 3 


4jj 3> c.4-3 j_loj 

SjL-^al—>- 3_>\_-a £j-g 4x1j)/ jt^i.a ^4_3j) A 

332 —>dl JJ—C-JjJl 3 jLjU 4—i_ojl— — ^5 

SojU.1 ( j-u-a-i /ya 4^1 jlx^o 4“< a 1^4 


-6 


Steel ring bearing <3^21 /yQ 4 2l>. — 7 

^1 —X ^ <a_s j^_>Jd >k5 33f L*3*a 

jj^-^U ^3 1 ^*<j iTi i 3 w4J *- ^3 0* 1 mm 

4 JI 3 ! 







Q15.16 JSL£ 


I ISLulSUi - *U^ui}| 

4-i x.j 1 4_u JujlII 4^a1ic,V1 — 14 

J_y3 jLu dou 4J1^ 3 0>5>w4-i 

cj i jli ,Ui 

4_uJulU 4_ojJ uti.1 4 _oL>J| OjL^ L/s JLlC | 151 

3jij—>. 4 —juLc (Q15.16) i'll 

( \a Ja 7i i n~> 4. j. > JL-xll C>j?L}\ Ca_jL_£^ .4 —£j _iil 

j j f /yj ^- 1—^0 i 3^_SJ I (j\ic_i_a3 j_ji_j . 4, .^.1 >J i 
SlIiLl _tlfl t 4.4L>JS tjfjs 1 gUl— a —iu/1 


PROBLEMS (JJLi™© 


. ^ j-ba JaK J^Ji = Q 1 4 i u^iLq ^j-iL<-ox — 3 i 2*1 

http:// www. sanunderscollege. com/ physics/= WEB 


4 1 1 c 1 A t tj «A — 


JjLuII ,> J& jluL. J^\ l^UJ! = 


£ 


^IJiitxj-tiLi j 4_u^-3j — | | 


jlLc da_i_c^Ji ( a ) 0.980 atm 

4 — <<£ (b) 45.0 C —>. 4 — 

0.500 atm lL^j>! 1 I j] 

WEB 

i^ 3 ij lijLt >ia> >-*>» [3j 

j —j— lm. i c_sl_>J1 

( -80.0 C 4jj!j)—>. 4_>.j_i^ 4 .J-uaJ! <=dll—>. 

78.0 C ^ , 1 j jjVI <jl aLt. 4_>.jj {jr^3 

ty£ — 1 \—>Ji Ja—*—UaJi ji j— 4—4 (jl— 

jig ^ 4 1_4 (a) 1.635 atm , 0.90 atm 

l£ 4JJ j J“l l .) (jaL-Jla ^Lx^l 
4aji—uaJi (b) S^jI ,"i 01 0 JL& <d-_ilaju 

JoJuiaJt (jjSb (c) S^UU Ja_>o 4 t-i 7i t JuX 
• StLU (jloic. 4 U. /i ! Jul£. 

0JU>-!^ 4jJJljlH 1 g ~ « j d Sjl^av 4x».j4 — 4 

La . r.1 g i 0“ J) J“ ' b " (jaLxia (ja J£^ ( _ y Li 
Sd^VjjJi dJ jSi 


M a tlj Ajtj -^ti 2 -t-js 1.16 (Vut <1 
LSL> ^ U- ) Jl U iiinTt 

"‘1 «/< ^j,/t jaaj i it^ i ^ aj /tt ? ^ 

<»jt>^l oL>>jdl 

3.16 (ftxu- a 
GL>-jJj CuSJill 


:Cjlla^%la 

101.3 kPa= 1.013 x 10 5 Pa = JL>.ij 


Sjlj->J! Cj! ->.JJ ^yjUl—O >■ - 1 

. li-U J-ij\-Ji.tlA 


(a) 

.ijLi j»jj (^3 3j!^>. djs-jj (b) 98.6 F 

-5.00T ^ 


jJb 20.0 CT djlj —>■ 4_Jux. 2a a —uaJi 





Ij Uk C (Jtrarttt 


(mt) 


c<■!•>» jIj c < Lx-m 20.0 C j-iif. 10.00cm 

Jur. 10.01 Cm dyLafl ^ i jya t. a j x.Vi.4 

tj-ci * a (jl 1 °ii. 20.0 C 

4 J {3.) C - ob JJl . ."ill 

^jS-CJ ~>- 4 x-j-c_j>Jl 1 jJut JlJ^_lj 3jl^y>- 


4j>-j jJI i?jut jJjt St ^j .uaaII <l 3L>21 ^!jS.| 
i_s_j —Ja—3 (jL_£ ! jj SLa^ j—3^j 

4 —>-jj 03 ^^—10.02 cm ^.j—a. VI 

♦ S4_3jll^U 5-jl^^i! 

. t-ll j -<j j jb (j-4 ^J) i ls~i A 3^1 Is t J. i 1 <-"u 13 

4__t-u Jutll 4__U5 Cajl Til ^ jJI jLLsVl J> la .4 t 3 i^n 

20.0 C 4>_>.jj j ic 2.20cm jjt 

~*- jLLaVI (J\s< —i_oJ t-uac j Sjij—rv. 4_jyjJ 
C hjuzu jjLj £ t jl £ 4_j_ 4 4 Uij jJI < Z £ j t ~M 

jj 4 -TJi £ In 1 IL*j S 2 . 21 cm 

.uoxio^ccr 1 L y^^\ 3jLL 

uM Ul^ j-a vjjjL lS>>>£ - 14 

l_ 4 « 518m 43^*^ <_£ 1 JI jya 4 

3jIju>J1 {J ^L .>-jJ (jU) 4Jjia j. j t all jl J 3 a 

. 20.0°C , 35.0°C Lutj LT *k*JI 

J^Ld (JSLtaJI 4__*_>^_c 3j_5t-3 — 15 

c^i^l (a) 8 . 00 cm L$u>L^I ^ jJL^ J£ 

I j( 3j.-*■ -3,11 uUSj 4 _>.Li a 4 ^Si j_a_i_jJl jljl 3 a 
jl J—3_4 j ^jo/ 1—^Jli 3jij—>- 4 —Cj tjij 

^! 3jLj urUp 4^ar j 3J.11 J_A (b) 50.0k 

S3^5c3JI 4jv1 / ,1 a 
(J5U (jr 4^ae_>J| JJL4J.I1 Jjsbuo — 

UM_ a lj| 5.8 X loafer 1 

1 jl^j <-<b^>fl \u^a 50.0gal 4 "<* 1 a 

fs*zs>- L 45 10.0 C 3 jlj^» 4 ju^. JjLuJI 

4jwjJ OJLflJjl Ijj 4JjJ ( ( *\ tu lx j ti ^jjl jJjL^JI 


30.0°C <Gj\^ 


WEB 


j^yC. 3jl i.f J>oili Jl>.V JU-3J1 J is\ fill [17 
dj.V\°s^ 30.0 cm 4i^_L> ^ 4 

< ? ls\ 3J1 oj\js>- 4_>»jj cutuijjl I jl. 1.50cm 


-195.81 C 4j1 i If. 4_>.jj jJjLj_u ^_>.^yjj 5 

4 —>.JjJI jJJt ^ il^>t £>>ll Jl 1c. 

.^j-oKib (b) 4 .j3j^ \J-4^\ UjLvjjJij (s) 

4—^jj 4— j i r ^uj-jLnJLl J_j^l - 6 

^U1 (jl -l Ic 4__>.jjj -15.055 jl_lL>J1 j.4-^0 

(jjs (Jj^ .Jr ^11 4__iL^_>. 4j jl .x-A + 60.0 

. ^jm^J^lmS-1-u j^xdjjjja <^1| (_y^l J 311 1 Jut 

J-3-1 j 3j1 J->J! yjJ (ju (5j- ill - 7 

1 - Ut (j^ ^—i— c. 45o C ^1 ' > <i 

(b) Oj_^U&S_ 3 (^ l . j fl a (a) (jic: 3>-^ 

. (j j 15^ (^ul i A A 

(j L UJi 4^>.jjj 1064 C L-4-AjJI 4j>.jj — 8 

jnl (jh-3U> j)-u j. ■ r (a) 2660°C 

(ju3Ljt (j^_j (3j— ill <«—>•) (b) (j 3 K ILj 

. (jAlfl 1 I < £1 1 £ £l 1 Li jJ 1 

J-Mjiiltlj 4 j>l iJU4oll 4.16 

fi-t-u — .ill ijut JjI lJLI JlLc. -4laj rtLa 

(2.16) (j^ 3jjljJl CjULuJI 

^jijl^ 35m 4_1 ^!a ^j/L-^-lII (j>^ 3, .j > uJLLt*> J 

(j^£j i—4 J l-l C ^1_j_jHJ 1 i _ r 3 4 j 

3jLjj (j^-3 —20.0 C 3jlj.—>Jl 4— 

(j^£Li 1 aJulC. <. 11 ti.il- t-uJ I I Jut ^lo 

.Tc=35.0 C 3jlj_>JI 4_>.jj 

jJlj-Lall J_V 4-j_aL^^—>JI jJaL-Sil C*.o -Q-£ur> — 10 
25.0m ^lo.3 a (J^.lo (j^b Cl*J-5tJ 4jUyj-uJl 

3jlju>- 4_>-jj JulC. ^loLaH «2>.j a^5 Jl3j 

(ju L—Ot-J 4_al <ii.4 (Jjfil bo 10.0 C 
4_jyjJ Ci 1 (s~> a | jl j) 3 ill £_Ll g-Lai. 3 11 Oii3 
S50.0°C 

JlIc. 3.00m L^J^-Ls (j-4 4_j ^ . .u 1 — 11 

jJlc. L_gjyb (jj-^b 20.0 C 4_>.jj 
S 0°C JL^ (b) 100.0°C (a) 

IkjlaA brass j.i ^Vl ^Luatiii ^ 4 3U - <2 



tSLolSLjlt - *UjXH 


d «Uii a 4_>-L 






. 2-21 


SOON L&J 1 jJo-a j~lm 3^_ai 2.00cm 2 

>JI <2 j . i. «,a 11 jl, \-a-a i..x^u .>.1 

k-to—ua-oJi 4JLU:. I t j-2j CjJ^scj ^ Ju t 

. SOON (jr&J ay-ZiM LgJj-JHJ ^,212 

.(16.2 ,12.1 21 

,i u 4.00cm Oy < — i 1 1 s\ .11 £jA c— a l ts A. £ ~ 22 

70.0 jla u.». . i3 jl < j y T i ^> » 

(j\£Li_uUs till j J-A-3 CxjlJ fU 
ti! *2-3^ 4_Jjij _>. d _ <21 <_4_J- U3 - till 

i A 1_UoJJ £_iJ -*- 4 2 ^-J-si 

'(J—cL-a_ 4 2<a_^_j. a 2j 20.6 x 10 10 N/m 2 

n.o x lo-Vcr 1 


. LSU2J 


j-A 2j—LaJ! i?j5J—2 

j2uJi j!aiLo cij.u.'vI 


^ J A .c. {yA 4_Bj rr a 4u1j).N^/1 23 


jlLc. 2.0L 4_lL>4 jJI 1 20.0cm 

JjL ju.) 1_^jl_3L^w 2! c21 a 20.0 C oj\j-^. 

5j!j >- ^Jj iljULSK. — i-u —oil 

2*-^ 4)j "i 'i)y _ill jl j_ 2 _-a l—a (a) 80.0 C 

Juu 4 jI^N<»V1 Cj.5^j lit (b) i^jS Lta m i u 

4i}Liaja 2 21 20.0 C 5ji^>. 4_>.j_} ^Jj 2Lb 

.^JjLcaJl jJjuaxui 4glj)b i <jV 1 ^In 4 o 

Laj. N 4 ^xj- i j r A 4-a_L>- — 24 

^>3 t.ij 20.0 C 4_>.j^ ale, 5.00cm 
2! (a) 5.05cm t>j±^k ^2-^Vl ^L^J! 

4_oL>Jt mil 4^>.jj 

Si ^j ts~i all j3^-2 jISLJL 242“* (j! 1 ^ 1 £ 4 j 

tjLljVi —<-uA <jf C-x^eJ 4—>-Jj (Ji (b) 

(jl ^1£2L l^iSUj 4aL>Jl (j\ Caxpzj Lla 

S4.<5\.c.-o 42 j^LJI £>JJb J.A 

:4a)LIl ljIjUlLI 5.16 fiMkk 

4^>.jj l 8-0L 4_>3_ccj>. ^Lcj — 25 

9.0atm -udi 4LJt— u$y 20.0 C —>. 

^3 jLiJi cj^j-a jjj— c. (^. i _4_u 1 (a) 


5 I 05 ^-i (a) 65.0 C ji j— iLw 

(b) ^ 4J^_L ^^2 3 jLj3-1I 
SjL^JI ^ (c) 5 oj .La ^^^2 S^L^-ll 

(j! S4-C^3CJ>. 

a = 9.00 x 10- 6 (°Cr ! 

^L>.j {yA 4-CLjJxta^q tj-iil. j 3 j^j2 — 18 

^H-3. o_1Lq 20.0 C aic. 4__>.jji_>3 .u—4! 

43ji^—rw j 03 ^ i *»Lj 100.0ml 4——c 

^^2 1—5uj —ljj ^_j— uoij 35.0 C 

^ OO^i ( a ) °33j\—^ 

U (b) $ 20.0°C 4_>-^^ wLlC. QCfJAJ. aVl 

^-^>. ^2 ^> 2rJ i ^_uL3 4jxj_i iiJ7 _A 

4 t £ CLul2 ^2 V*-^ —*-°J—^ ^-2-4-4 — 19 

Oj_2tj 4 jLL^j uipj 20.0 C 4^>.^_i 

(a) 4^J_SfcJJ 4±»L2 j—lX CaAK —i ,i<~>\ 

4_>-j J Jz 4jLta^->3^ Lr^“ ji 

50.0 C 45j2». 

! j—lj—C. i ‘54jLtjj^2tii ^.a. . O a tbiju Ja (^) 

j2J !y 1 x 10 9 N/m 2 4 jLu«^ a-11 ^2 ^2^-^ 

.2 x 10 9 N/m 2 

1—4j 4 5U om; (P20.16) JS-2J! - 20 

eUi^ !iU s JLuaJl jjfA 4.Xj| <0 4_dL>Jlj 

4 a ^xt ^Laul 2^ (a) 4_4lL>Ji 

LxjjJx 1.60cm f Lc^l ol-2 bt (b) 

*4t.~) 1 i 30.0 C 4_J>.jJ 03& 

. 190 C 4_>.jjJ| ts~i"\ LsJuX. 





.ik.^11 jlili CjIjj^>. joe. ^ (b) 


P20.16 JS^i 








(j669) 


10.0cm 4_c,^l—u3t {j-a J^Ls c-x «*C a — 32 

4j JjJJ 4il_£ -l,—*)j—& /^JLc. l£ j? ** j 

jLL-t-U {^^_>Jl dcuL-j-oJ! jQc (28.9 g/mol 
jUtil 4 Jil£ (a) o_>.ji 300k 3jij—>. 4 _j>.jj>j 
^ >*£; cr^' 5 >-^' (c) jLil! (jjj (b) 

(jit (jjic. (d) t_._»U.t 4-(j^> 4- 

I 3L1 U. ill < 11 mi l 


33 


.5^-uSL]I bib JlLaJ jUJl (jjo Jjbbo 
3 j|j_>. 4_j>-jJ Jub. cIj) gib 3 jLx_ui jUol 

Ldlj Ja .^Lbl ^>^1 10.0°C 

28.0% alj . g 11 Jai_tail 4 _iLa_*JI 

Lr 5 ! ‘bjl)- 3 ' ^J- 5 cr^Vl 4 ^ 

jUoV! Jbb J=d_^JI LU^I (a) 40.0°C 

< ~ ■. .i~'j 1 4_Jic. 3jl_ualt <LLa juu (b) 

85.0 C (^J jLL>5?l (Ji-lj 3jl^>. 4a.jj 

jl.t 3 a 1 jLL>U ^IjJI —>JI jljjlj 

j_ll( jimi) ,u;. .m i jjt 1_*. 2.00% 

SJtSL^LJL jUaVI 

Jlni II (Jjj _£ qs-> 3b II OjjfrJlj {j-a (j^Ib — 34 

Jl_>JI Ju£. ajb.3 i 1 (jj£j '-Ij t; Mjaa 


La„l.if bUij 20.0m ^JjLiaj egjubd u <si gVi 
(j^Sj Cti a- 4 J (j^-i is\ HI ^LalijVI (jyit ) jtaj 

4 a-jgj 0.030 atm <b.jHI ■ U j .>. I I 
jLb. t I^JL £L. jJ> 05 JLJI 0 ^ lili 200 k 
300k 3j!j_>. 4->.jjj (_gjL«JI it-ii i^i! l 

. U > 91 <Ua>J a^ba < jaLs 

^alS2o L$j 80.0m 3 I <j a — 35 

4_ajg i~♦ 3~jI ij]. 28.9g/mol 4 J ^JjJLl 4 l" b 
Ua 25.0°c J1 18.0°C <> 3jl 

U]j _j_j_ ui u^jJ I jlj5[lL alj—gJl 4 1“ 

5 j ^a=_->4i jJi-L dajLuaJI jjl 

. 101 kPa gjtjLaoj kblii (Jls 

4JG^ (^aLLa sljjfc I 4 J V lg.a y>- - 36 

4_ajg C,, « 33jl 131 .(g/m 0 l)M 4j 


jLc. ( _ r JLt 0.10m 3 

ja_a ^ . 150 atm 



■f>± 


tjj Ijl^j { 4 V rt ) ^^Lcj cjLijJLJI 

0.30m Ly^~ iC 4j^JL} ojI£^ 

. 1.20 3tm ^LLa-c 2ajLi^> JllC. 


30.0m x 20.0m x 10.0m U^LjujI 4_cl^ 127 
jJ-C. 4-cLiJi &J\Jb jL*Ji CbLljj—>- JlJ lX. <S 

.101 kPH cLaijuaj 20.0 C 


^jLJV-j CujLJUOj ,Ui oLqIj 


, £_LjjJ — 28 


Irkl A — aA ■>• H 1,1 U < x^aJl 

^ 500°C 2.00L 

L4I4 <-ij .t auj ^cl (lit L^L>-t j 2aji 


ui^; 
.jlL 


WEB 


4iJ^a^>- ^-a 4~<1 ~i 5 (jbLaJl al^^lL (JaJU (jjJla 29 

4-a.j.ij 200kg ^4li-t_U alj_^ll (jjg ) 

4dtii—tb_j 10.0 C (jjJI_iJl Jjl_i> _^Jl 

t^l ^Jl . 400m 3 u^L-4' lOlKPa 

^Sj—*J1 -i_uJ Sjlj—4—>-jJ 

4-bl u $ S ^L_*2JjV! tj_U ^ji 


uLxiu 


. 1.25kg/m 3 ^ 10.0°C 


j-lc, 


^Vi j— 3.1^ Jj—« — 30 

a _6.00atm 


lil(a) 27.0°C5jl^_ 

^J] <L-i ♦ ir^tt diL-U jlilt 

3j!J—>J! 4 —^ t4Jl j— a\ Cj^Lj 

jbjl Jj->. 3 UJI til (b) S^UiJI 
q LxJ<T tla • Jallj ^se^>Jl 

S«u5L^iJl 

1 .00m 3 fja 


(a) - 31 


o* 

3j jlIc LiLiu A jt-^t^ 

4ii^ (b) jl^ai uki-JJij 20.0°C 
(>a lm 3 4HS...»^t 28.9g al^l 

Sjj^JlU ^ 1 ^ 4 !! 4^12^ £A 4jr jllli 



iSLwUjjtfij ISLulSLdl - ^UJ-ualJ 


^£s ^jSLII (Jj-J \ L^1iL_u! 4jv ^ u z- gg bi*Ji 

. p=1.025g/cm 3 <u 2 ali£ ^jJI ^L» 

4Jl^j! 4X.L -ljj { j^ el^^Jl 3j(^u>- 4^-jJ 

J 3 Jt . 20.0°C &\ _^ cbi_£ *Ui ^ 

^ 1 _£ ^y~ >. 4 «i_uLa_ 4 ^ 82.3m ^sbli 

oLU 3jlju>. jjuk CT b. (^_u ^bsLiJ I 

ij\yj\ ^ (^babJI Ji*b *($—$Jij 4.00 C 

ci— 4 ^L-djjt j (a) *Ul j.^3 

JLu>JI ^_£>i—«"'(b) (J_>«b j —^—Ji 

*lj_$JI lUi^O 4_J1 u» L r <J ^f L^4il 

^jJS pUH ^jlal mj ,j3-b 

^ Ji>o 


4 U & L&I J^bi4 

(j-ul—?eJj 1 ^j _>3 —ua—3 <J^b u_<JLb ^j-ul 3 ~ ^ 

4_^-jJ jJ_c. i—xli^u! bu^—Ju be 

fS 95.00cm 3*1 \j-21\ c3 iS 3 20.0°C 3jl 

y^ousl\^ y£t> be J^c£. i_Lnj^_bJt £ 


(b) 3 -15°C (a) 3jl 


5 55‘C 


^ 0°C 4-^.jj JUA :UsLi£ - 44 

<_ r »j«J! »-5Juu (JjsLji-a 730kg/m 3 

juUj ^yu. uL^ lii .O.OxlO^fCr 1 yk 

OjJ-£ \ -4—->» J-i-b_J (jUjji_>Ji (j-A 

tjl 0.00380m^ 

{ys lO.Ogal C 2 uj— j —Jut bj 4—be. j^x . >0 

Joe. 0 C 3 j1^j>- 4u>.j.} Joe. (j^Jjjb>JI 

CjbvjjJ Jjul>5 I 4 J (j-u-ti 4j^A>ue jj - 0 20.0 C 

Cy (erb u^ 5 ij) ball bearing ub/ J^U. - 45 

3jij—>• 4 Ju-C. 4.00cm ^ be c.bt^a II 

Lfe^.b-4 3 j) -r 4 4 _j j_}j^>_jJt {j^s 20.0 C 
^ b 20.0°C 3ji4 jwjj jJx. 3.994cm 

q 1 4^ JI Jb t 3jt^_>Jt 4_>.jj 

u^jj ) ob^HI ^jiit ->4 J£ L^-bj 


^5Jt et^il 4±b UiJ T 2 cP! Tj ,>4 3^^>J! 

^!r>» ^ /)! S3^j^j>Ji ill^..\f ■* 11 

. Pq JuLe. bub 3juae_>v) t 

0^3 25.0m JL* - 37 

3_>.jji coj. ( 1025kg/m 3 =5_al. .~£ll) 

\j _c _>»! . 5.00 C3jij_ 

, 1 . 00 cm 3 1 a " r ^ 4_ut^A 4x-l3 £ 

jl \.c. 3jtj—= kJI a —cut—^ bi—^ 
4_e.b3uiJt iliij ^4Uaeu>» 0 ^^? 20.0 C^-St-oJI 

. gjxub ebt ^-b.uu j^Uu ( 2)1 (_J-i3 


j . ilLa A —bj— c. e t^-^.11 4-b..^ j J—3 — 

^4j-flitj Cj^b>--^-e^ I^. ’Lq jLi fc a-<ui 1 Cjbu4^Jt 

.l4le J^J j! bbjJl3j (^ylJl 


(^bie L^ab dcjJle ibjjuubll jLill 4 jI jb ></! 39 

jJ| ibjL-JaJt {jy (J ^r. 4MJ ukbJo 

3p_^L4-4 4ulj b.4 wVt bo JLul .( jr 3-jbbJSj 

12 . 0 kg (j^_3_>u b^jb^ 020^*. 

^ut .J lill 4_Lx_i_i j^jJI ibi—uaJi JlLc jbiil £yi 

c«r “* 5Vl 4 ±b s ..au 40.0 atm 

ua3 1—oJtic. 4jl^_b_uuVl 2ys 1 >. >> .u ^bj 

4_>-jj (jl .25.0 atm Jabbxlt 

. 4lub 4u!^Lxi-uVI 3jlj->. 

jybo-l 4—JJjLU>Jt CjtjbiJi 3j ^ yj ,^£1 — 40 

(J_uaj twC>. 4. J).~x-. xa Ju^JLua (_yb (J^u-au>Jt 

jj_e. obbj—>3t j, i c, i ^ iM ,-> .t 10 ^ pa (jyll 

lii 1.00m 3 4_4-»^>- f-L CJ >k it x^ill IJA 

27 C 4^>-jJi C2ob 


<bl ^>3bj) jbb <j\ (j* Jj_4 j) 1 t>4 “ 41 

(101.3) bbbuai! jlLc. (^bibo 3 Lb 
Jjl-Ju (273k) 4 jjb_*J! 3 jtju>JI kPa 

. 22 .4L 4j jls Li^u>. 

jSLi 0 i i l-i «t l y ^ , . 1 , V . * 1 ..,ij - 42 

bub^j 3 h° 4 Jj 3 3 4 2.5 m L^l^b 431 





WM’£ 


jljuL^J 4 jj>. * <"i 11 4_i^_uVi {J ^ JjL^JI 


4ijl » aU 13j.U A h 

Mt = {V i /A ) ((3 - 3a)A T 

y-a-ujJI JL ( jUf . j»Uij y (b) 

fOp t u 4 J JL4-2 Jl 4 &L> <—Upi3 <J_4 jC ij&i-i IjU, 




WEB 


yj * ill <jl dipl ( 3 ) p 4JLsliL^ ^JjLi-u 149 

j j t"l 4_a- j “ 1 ) 4_al II 

!j|_a Ap/p =-|3AT AT ajj—k 

S 5-JLJI SjLiAf! 


4 -, 4 1 -. <1 yXcVl j^JI u '« ~,1l *L_U (b) 
4°C jl^ 1.00g/cm 3 

10.0°C 2^jj -U^ 0.9997 g/cm 3 4 - ra t. i<; 
(j-* (.jH! ILk aLa-L! (3 jl, > S a (j_jS-3 


duiXa^ piStOn • tja 1 ^jlr ;~< ua 4_j|jbi t ni — 50 
2.00 xlO 3 N/m4jbUi L^Lj ^-Hl ^ 


uL^ L-aj^c .(P50.16) y La ^ 

£>$. J j 4 A 4-iljl^i *)V1 C i >L£ L-i-JtJj_a 

J ulC. (5.00L) jLiJi yA ol^pj 


3j!j _>. 4_1.00 atm ^ 

^JoJLa 4 j>- 1 tua OjL^ t jl (a) 20.0 

1—4.4-U-4 4 4 " 13 <j 0.010 m 3 j^qjSJLi 

tlil [juuSl 11 4—Ji ^jJi £A_3jjVi 4 

(b) S 250 C 4_>.j^ 4~>jl 

$ 250 C iic jL*Ji i t^.*.u3 o_^£ 



jlillj CjL^JI CLuyz-i ( (jr LJl 

. 3j-5e_aJ! 


^j—u^iVI Q~a 4_tj_u! * 4 * AJ\ iu 4 — 46 

4 _ >-y- j —*2 _4 20.0 C jlIc 0.655m l_ 

<JLOj_l. flute jl —Aj _4—£ ^J_it-L-i-nJ bill 

4_j 1 V| 4 4lvj^ Juix. 4 _>j_jjVI 

4_^.jJ CjjI uo 1 ^ jLc i—3j—*Ji or 4.t 

jl j_4j4 Lo . 20.0 C l^Lwlju 

^yA ^Jl^lU ‘ “ J 1-4 JLlL ^yj_uL_i-uVi 

.S 20.0°C ^1 5.0°C 


w.Rj J/AJU4 ^_4> 1 4^ ^ a Aj ^pL4^_4^p 


47 


La^Id 3 4£^_».<n.i 11 ^pL4^j4piii 4_»^_ui (P47.16) 
0.250cm jAjJi 0.0040cm 





P47.16 cJSLi 

(3 \ <>jj^c3 J^oLl^s ^L-u — 48 

1 4 5~ T- djlj-LW 4->.jJ JuXi. Vj L 4 - 4 —^—>* 
3^1—4 4_C.jJLua^4 BjjjLJLli (PI6.47) 

^JjLuiijij . CX La^JuC-1 {J^Ljus 

4jj x tioil 4_}j— jl)VI JJ— 4 —oJi j —>■ 

Iji (a) SjjjLSii 4.ba-i*itl_g A 

{j\ LLpi A T jl JL-4 -cj 3j \j —>J \ 4L>.jJ Ojij 


P50.16 







lSLy»Uj*xJf^ ISLulSLdf - gLjjktlt 


T J-nn L-a. X. jr. j—a—u^JI ^Jj 0 ^Lnt-AM 
;J^ J^Lan (J^boa ^juuaj La JlIc, jl 
OJltcj I jLa (c) . jnx^U Lj_jL_o> 3 J^xi! /ya 
. U-y-L^nil 3jl^y>- 4n^jJ CaA^IJCJ i !ji 



P52.16 JSL£ 

<c^L^-a (P53.16) ^J^Li i <iU ^jllf 

Sjij— >J! 4 —o^lj lit .-fco _j-o3 Aj 

4—>3—«JLI daLj^JI ^ji C.<-U 1 AT jij tLan 

i Lxi ui^ la id. Cu> A A—2cxAjAT ^^L.i > A A 

^jJl L-Uj-ajJI La A J..a-TJi jJ-aLt-^a 

. <La j^_cr_ia j .^.uoL^J! j-.x i-»."Jl |_LA> 4 _Gdj, 1 nj 
^JjLuall ln.iL a! Ajn Jlju uLn*.V 

(AL= aL|Ar 


/' w + Aa> 


P53.16 JSui 


Ae—H 


4_Jl_C 4_3 JLi CjL>*jA ^jkA i a I — 54 

4—a^l—nil j —j—*_! l—uu 1 ^ L c. ol—i_ui— j— nJI 

j-i *~nj .3 j!j»j>J| 4_jv.jJ £-a jjjLnul 

4Ja 1—*—all 1— a. aL 3jij—>J| 4n>-jJuJ 4—ajl nil 

R—/?q( 1 +ATq)l t Uj,^ 3. ~i.fi ( _ < Liaj j_a LJLxjl 


L^ok. A l ^ ♦ L 3 a 4n>-Lt^a'4-0^Ij 4 j>1jL.< »| j 
(JSLau f?2 4Jnh£ sjJ lix~i>. < ^ > 1 |<uJX ^iSLt-a ^j.tySla 

re aj^~c 4ltj.U^Vlj (jLS lil (a) (P51.16) 

. T 3jljn>- 4nwjA Ji_Jr. ^^LLa jt_*J ^j_a 
u & U ^J-xC. l£ 3JI ^ ^Tkj^VI L*.fl 
1—a (b) S 4_Ln3 j —_GG C^>o ,jljLl 4J1_>- 

* n=0.200 mol 4_*_Ls oALS lil h jl.x.n^ 
S m=20.0kg <A=0.0080m 2 . T= 400k 



Hi 4j-*., ^ o a 


P51.16 ijSLui 

4j*-a ^jHucljQ t ^ <L 4 JSLu ^.L. ^^yLu — 52 

(jLLiu. ne-^a ^Vi_j J>_*_a £ya ^yC. n. j .4j 

LaJur. . (P52.16) (J^-G Lt_a ^ n a 

4— ^c-jj —.iJI ^JL .a. ~u L_a—uj 1^—4_ns.jj 
SjjQ j i S\ Lk^JUu ^J^aLjt-a Txi-ojJl-a 
j) n ~ij 4i_».,^oj ^ir. iL» i>> I 4 

! 4JL _j __a j _Lx 3 c.n q 

aL_sejVi 4_jaijj 4 JjL*_^o ^r<,r<. ^1 (a) ^1 

Jj_kJl 4 J!j _^ angle of bending 0 

^J^al— X—A iln.<.f^.Jn-a^ i uy^-AIJ 
4nvj_} ^5 jJSJ ^ Lit 

—a G'S 1 — U1 4—4l . i mIIj — >J1 

Ayl) o' (b) (Ar=r 2 -rj) 



^ tyukC 


^jt> M iUx>. p= PM/RT^LmIL u U*~ V 
4_flUL^ l_< (b) J jLiJl ^>Q JjU 4jjL$ 

3jlj>- 4 ^>-jJj JaJfc juait JLd: < «5VI 

. 20.0°C 

Jo-i-dail jl ^ JL U <ufl (10.16) L J J -a 59 I 

diljUiJt {ja »Uj\ •>_-) *jla-a & L^ij P ^^yKJI 
....P 2) Pj d^ P= P 1 +P 2 +P 3 ...JA 

dlij j_a 1—4-) j3 jj Joj i uaJl l>jr Jt 

&j uAj ) ^Lr-jJt ,i-'vj Ijl cjljLiJi 

j-a jJSJ 4__uj_^J! ilajJt <>> f 1 <jy -4-ui3 JajJLuaJt 

jj-ItJL jjiLJL) i—Lajjfcj (CjtjLiJI liUs 
Dalton’s law of PartialaJjjJI .U j; ,^u 

Pressure 


. 100.Og I j ~il~> 5 t_aL>JI »J^JI (jja 4_u_c — (10 

Jj J-5E—JI !_gj) * III a JulC. Q-a Cjj_i.l 

Cjljl—iJl (Jc. j£j ~i •>■ i 1 —^jI JL_».jj 1 ^ljl->«~ 

4JH1I 


75.52 g — N 2 ij^jJj 
23.15 g = 0 2 0*^1 
1.28 g = Ar o>»jl 
0.05 g —C0 2 


j>j 3j_JLuo CjIx«£ liilj J| <flLu»Vlj 
ciljLillj (jLiJlIj j*j j'j gllj 

(Jj Jij_Jl 2ai_“*-11 1 -u._>■! (a) 

1_«jiic ciljLiJ! tillj (J£L! (59 .4 "II 

(j_£j _jvJ ! it-»« i^ill | J 511 2a._i_tAJ! ijj ^J 

4.1«-.~i.~t j^jjj ^ac^aJI i.mii-w1 (b) 101.3kPa 

3jlj _ >. 4_j».jJ lOOg 1 ^ a l*i ^ 4__Li— c 

1.013 X 10 5 Pa,U;^j 15.00°C 


La (c) SLsjj-LJl dlL C<>j jLJi 

. jLiit 4dtxJ 4JU^]| Jji.1 4_Li j| jJLa 


4_ajl 3 >0 o-jL^ I jLs ♦ jL< ?L A «Rq du__>- 

4_>j_> JlIc, 50.00 (jyJb l_a j- if 

jlIc. 71,5 £2 a_ i—A4 1 \j> "3 1 ‘ "^ ‘ “ jm a ‘^ 11 

(a) 231.97 C (^-aj t 311 ji -as *j 4 L 3 i 
4jwjJ jJt£. (b) Rq t A (jA 4 4 JJ> I (J^L 
S 89.0 O ^jL-uJ 4_Ajl_ili 1 1*~\ > 3ji^- 

Jjj-L L^J 4-^.1.<*i 4 - 55 

4_Laj braSS J —a- jjujL-stlJ! _a 

o«, Aijl Ijj. 20.0°C JL^ I.OOS^jjjJI 
La (a) 30.0°C JiaoJ 

La (b) (jr fl J j. • ~tll j\. i 7i a 

j! 4-X.i nil 4 a, i 31 ^ jJi jl, 1 3 a 

I 4_I l.4.<-a.>» jj) j2Lju^I^- 4U 4iJl t^.4 - 56 

^S, (2.10)Jjjl^. 4^ .uojJU JlfLufVt 

Jj\jJ\ jj— ua—ail £■ 4 -l-a iu)I! SjLjJI 

0 C 3jlj->. 4»^.jJ {yA tu La I jj ?rll 

(a) {j-A L.j) is\ a lij 100°C Jl 
(16.2 J| ) . r> _JjV! (b) 

JJaJI J.t o' tl (JjoLt^a i la >»j) ~» a (jl j t .1 C . I j 

. 100 C i 0 C (jaj jjJuj)} 
4_b5Lc. gm ml (a) » 7 l . !.» 2 JLlu _4 - 57 

j—a-C U^W 3 3^_3J 4 j .JaLj 

,LU jJoju/ clx.•>«.} *11 4j|j^ t LU 

>L» dailj *m JlIc. Vi ^LJI 
/jloji 3.4l) fUl 4-_5L2 l£iJ ^-Lau-ojl Jl-L. Pq 
(b) J -UTi V pUI 3jIj^>- 4^jJ 

jar jljjl 1 a K (J33 j_oLJI -}Lj3 

4 a j 4 (J-u^3 ^ja c ^1 (c) ^ jjJLJl 

*Lii jdc. L^JLa-f 4 j-a t Jl JJ j iiali 

,UI 

L»Jea> Ji ~uj (_$jJI Jlifl jlill (jl jdJ — 58 





t&MttjJty tS^tSU* - JjVU*b*uiJ* 


1—a juLc y ^LA3 j^I jlju^o 1 —q— 3 AT 
(P63.16b) JfLx p^b^LX! ^-Luhi 



P63.16 J5LS 


j-o-Vh} iX-t^H O'* L-c_A>Jl>-I q! x.u.u-a 6 p^fc-t-u - 65 

pi—£ 0 C 4-JuLc. . -j-ui-SfcjJi /wO 

—tX—dJ! jJjlo^ L c _ua—oi! 

jt pi—i a a 11 Q^a-. <■ ».i 5 L-cjXc. * b^, lX^oJ! 
sjl XLm O-iI j UfcJfrb pU pjXJt Jbu p!.paj 

.L s , L c c_^o^l .5.00cm 

1 ^ 2i o c .j 40.0 cm Li5j_Lx3 >.Ji 43!jb X — 66 

4—a-jj J—Lc. f.\j —$JLj —i-*-* 50.0cm 

JSLSi l.OOatm 20.0°C 

J_ 3 piston Jpj! .(P66.16a) 

jtill jjyic. <-Ta 20.0 kg 4XLX 45i^bu-u^M 

1 . (P16.66b) (334^ L^j 1 

0-^ ->l>—* u -u Xm 3 j— 3 75.0 kg 4jjj 

cXLh \ —o—Lu 4_j!^La_j_u^M ^JXb Xj_^Jj daJt_ua 

Jii 20.0°C iLxxb 3j!^_>JI 4^jj 

Ja .±u\ (^Jl 4_Jsl o p? (a) (P66.16c) 

4_j 3^9 Ja^J! c_3JL LcJU_c. jmiC l 1 <u Ah 

jUJ! pi*-^ pi pSL^ 3jlpi ^41 (b) 

4 * 4_3^J3j J»XU £-35 j_j L:t 3->- 

. h- ^4-ojjt juii 

4_3>L_£: ^ Lf=L-(l+ a AT) 4_s>L-*JI - 67 

< jt 3T o5?L>J! ^1 j. V", ^> 5 L 1 ^c-Lzaj <L_j_xp_33 


c : p^c 4 jJLj J—>JI t 45 f «1 U tj )\—J 4 — 61 

(jjl\ (jyi JXXJ ^Ua_J ^J- Xr . 3 

4jL_u^j>JL 431SLc C -»xui LaliLc ljbu-c <J!mu 

Lajuo jX 4jjjJlj>JI pi dul^ bj (a) 

(j .0 C —>Ji 4_>.J J CdLi L^C Jl_lC 

LcJlI^. L y 3 p i 

(b) $ 25.0 C 3jij—>Ji 4_^.jj 03 ^ 

J.4TL >Ji 4_OjLo-CJ jL^JwV! IjuA 4_i. xalli 

52.2 x 10 7 N/m 2 UJ J^C 1 

^131! jt_*2J 4_IL_>Ji aJji » c ^..x.cr.3 .<.4 (a) - 62 

ijr £i (jr c^?tj>J! J-i .c.3j 1 jJ^obcc Ta^xj^Xc 

01 c^Jx (3= (1/V) dV/dT 45 J> -^ 

JlX. ^Llll yUU ^Ji—C-jJi J^ L xji 

T |3~ 1/T 4^5LjlHj ^Li > Cu-}l!i Jrcii.Xa 
(3 j! JL-3—C 1 —a (b) 4 —3JLLa-U —>Ji 4 _j>.jJ 

3j!^_j^. jXc 4_^M .«_!! oJJb ^ I jL_5t_j_u-ub 

4_Xc_*JI 4_o^2J 4^ar.-CUJl 0j^ ^ 0 C 

. (16.2) ^ 

Concrete Spans o^ o^=»^? - 63 

Xctj . pbr - -j-iX^c 250m Lo^J^b 

4j3L_u-c 1 Ob3Lua5bLc Lc-^3jL^J 0^ 

bl »(P36.16a) 3J-4-3L 1 ni 

20.0 C jl JcXcj 3jlj^*J! 4 -^>.jJ5 Ojl2jj! 

L 44 I ojw^j Lc, i \c. y oxbyLJ! ^UjjI 03 ^ 

.(PI6.63b) J^jrM 


b 0-* 3 o^^^W — 64 

pLlXuo^LXc 1 <i$ 3jL^j o l Sc j 


^JSLio/ 3Ju-c-2L a. 3 4-O L cu^q 

jIjlXu 3j!^j>J! 4->.j^ c^jtX3j! !3j (P63.16) 




f ijJUc, 


(s) 




^La ■u 4.00m 1—*•■ ^ i j > <lH 1—wJO fyCu\ji 

^y) JL_j_ «j <_JLuaJI dli_ ui (jl O-j-JtJ 2_a-_jj 

j_ 1 oj Q^LatUi dJLLuj x =0 <^1 jc=-2.00m 

j_.HI o' j :' f't) -* = 2.00m x =0 o-« 

jilj J_*j 3jtj_aJt (~i i^-i 2 i ■ (Jg j a 

. i a “wl . ^Jl Jb J 


50.0 cm 


20.0°C 

4aj^J \ 2 L-. 3 . t x ^la—O J 1 1 . i i 1 1 ^0 j—tHI 

.( 2 . 16,1.12 Jjl JL>- j»jitujj<l) Q\ ^l mi l (jjJ 

.. <1 ic*> 11 0 -° jl ' 1 J * 41 in —ail 2 Jl m a 

4_ a! ,„li —a Cy—? J 1 —lv 1 -00mm $y b^ 

0 C 3 jlj—>JI c-uLS "^ 80.0cm 1 a ^~Lu 

i. dLxJl tju^J Jl^bVl 4 iiL^ L , < ^ .1 (a.) 

( 7.86 x10 s kg/m 3 ) <.41,„ll itettS^nLc.1) 

4_t_*-Ti_<. aX i oL» ja jdJ ^ r. I til (b) 

j. Mill jl j L-c . 200HZ ^j4> ^ILuuU 

4 xvjJ Ct t <V>jl llil (c) 5 dlL-oil 
j^JI jIjl a A v ,« 3-1 30°C 

JjJ_hv) £-Ja JxL*_a <jf I ‘ L7 —^LojVl 

ur^3 ^ II -*Jl— 4-Itll 1 *t /5J ( 12.1 
4 *^ fw 4 1 A 4 ! (16.2 

. 30.0°C, 0°C 

t xLuaJj 1 7^a ^ i ts\ a JLjJl_>- 4.SLlj/ <—< i, -t.>i4 — 701 

C* 'Oj j. L-J I £j_a I j_ j, _>. Q—i "_c 1 . 00 km 4_!^1 o 

£-a . 20.0 C djl^—:>JI 4 —OjI—^ I—aJ^JLc. 

_ s is\ a H Of Ja 3jl^_>Ji 4— >~j-$ -ikjjl 

^lc. ^L» Ijafc —*—JH^fl 

h t—ujt> I. 4_i_i-u djjt J ^4/^3 

. 25.0 C 4h>.j^ Lcjj^. ^L*_uVI 

(transcedental equation 



(b) (O 

P66.16 JSL£ 

Ijj . lj JJLxCtil \ $J,°> 

jL_rw^J JL l X Ct jl 

! I j dIJdT — ct L 4—3^1—*J i 

JjoL_*_x 5 cbti/jjLo [lij. i"i c I I jl (a) ^L^il 

4 4 ^_tJUJ l ^4) bjb Ijl J^_/3 

Ijj (b) 4^<aLx. 43 ^Lx ♦ l < 

4_j>-j_> c-ij..t >1 1.00m 4 J i. tj LjbjJ (jLS 


100.0°C 


Jlaj> 4jj) 


Qj) K.i \ _4,1 if. L-J-Oj-S_ 


^x. ^jLiil lL^JI 

2_a_L_alt) a=2.00xl0~ 5 (°C)^ 1 ji.t S a 

jl J_ a _4 ^3^-j \ _«JlIx.^ (^j_il—*—*i_li 4—ji_*—ill 

JSjh>JL 4 j 1 1~4 J. if 4 A i"°i Ct— 0.02( C) ^ 

. (4jjLaI l 

jdx, L<^x 3 j-L> Liuxi Lbjj 2.00mm 1 ^ $ la 
J3b 40.0 C Oj\y>. 4hv^J 

*-*■>!—a \—4 ^.L— u 2 >^i ^_i * 2.00m j—1«* 




i5ujiSuX! - jjvui^ii) 


ANSWERS TO QUICK QUIZZES ificj^udl Cj|,lui2l ruU| 


. 4jj * tall ‘LlJ-U^fl J^JLjjJI jijjj 

jLitj <Lu_ux!Lj (3.16) 

L)^ 5 ^ £JJu<u (J-aL*_a lLxioj j-a .4 (jj 

<JJjl- i^lLI 4-J-cajJLj . _*ii 

<U (ji ^jk-l3! 

JJlOJ j_x£l 

Cilj_>.jJI ^_iJ 4_ >~\ _>. dJlJjb (j-^3 (4.16) 

d>|jL->»^ii (_yJJ tlaJL-JaJL} <L-uoLj>«Ji 

y ^tVt oi JLjvjjl (jl CLla jy SI 4_2 j jJi 

^JaJoubV Iji-Aj .^1_2llj cta-fau 31 {yA (jr 5 

4—rwjJ CjI J—:vj (j-U 4— j —<_u_Lll 4_!i—>■ ^y-Ll 

300k/ 4 j. .< nil! 4_j^l_a_<i_i S3^ 

26.8°C / (-73.15°C) awllj 200k 

(jjl .^ajj^LuoILc y^-C. 1 4 g *1 

>1 /C. (^j 4 K) 4_2 \ ]n XI 3jlj—>3! CjI ~v-jJ 

. 4jliii otjliil (julj3 ^vl 


5/9 Cao^Jj-ALs j 3 .<Q ( _ ;r lx. 4^>-j jJI (1.16) 

. ^xi I a J. 2 A 4_>.jjJI (j-A 

(j*l—J— aX\ (_£J— a (j! Cal.^. —lad IjUbj 

J^Uu 212°F ^1 32°F ^ e^^Ii 

^1 0* C -< a l.< it ^oL-J—2 —a A 

16.2 4J^Ljl^« ^ 2 _jJ! j . 100°C 

^li>uV (1.16) 4i^Lu4 . Ja^_2J! IjL^l j-rt-t-aj 
^jaj yy-aLt-u 4^.j,jJi (j^/ ^ i'7rus\ ill lo^l 

. (\il£ 4j>-jail [S3 k< u\ 

^ylc. jjV \j1aj (2.16) 

43Lb 2y —clL_a_ 4 /^ L oJl ^Ull ^ 

fU {jy*3 e^aa* II (jiaJU Vj i />ir ..^u 

Jo. iA *4—^— ckl —>- JiljJj 

. 4_j^.<. xliH 4 j^ojV i I U.i^ ^^ILtAua 

—C ^ J^ujJ! (jit 



. J J_ 44jL^ LiiJj 

4_x_sL^ 4^4-5t-_>. 3jljj (jf 






SjL* Piz/.JI 

HL ♦ <tXj_4 4 _jj^o ^1 

Lpa ♦ 4 A* »fi fui i ^j*s tjr L 
ijr lc. ^ olS 1 

La | . ^_4 £ j-lm C-JJl-^J ( ji*'> 

< ,< 4 ♦ L ^ < t ^ 1 ^ a cj^Lq LI 



3j) <^i ^11 < <iIt dp 1 

LLL u<i ««"<j IjJia.< 11 4 i 

LLa_L .tii_iL>. c_j 1 ^ nil ^ 7 ‘> 
4 « l-i 4 (J^l (j^ (3j —LI! cil) ^ 
4_J 3j) 1H >J,I ^_‘l 

<>° *- 

jun. L| Ip.^ «ll 





//eaf and The First Law of Thermodynamics 

t (Ju*wrti liiAjjjidui 



2Uyt>_j*Jl l5L_e*Lij Oil JjVt j^jiJaJ! 5.17 2U_L^ldlQ_SUalljSjlj sjt 1.17 

The First Law of Thermodynamics Heat nd Internal Energy 



ISLwLuJdJ 


Some Applications of the First Law of 


Thermodynamics 




Energy Transfer Mechanisms 


*\j*‘tt,,.ti 2.17 
Heat Capacity and Specific Heat 

Latent Heat 5LL«lSI13j!^tfl .LI7 



14.17 




Work and Heat in Thermodynamic Processes 





^ .(1818 - 1889) (^LLu^j 


ClLl- nt ^Jl 4—4 —jLju 

J-^Vl *.^>31 (jt Vj » L «- £J 
433-^-) CjJ)I J—oJ . L_ul3 jjL^ 4 _cJl±3 y-a 
CLill U£ 43tidi Jr*o>. ^^LjO (jr^j 

CjI^_ijL11! 4^^LjlL] 4-ug S L l t 43LmljJ 
4—ul a. « odlj 4 S. nldJtlj 4 i j jjj, 31 

4_31 J o 3-£ t 4jji^_>Ji Cjl^_uL3Ji j 

4^J>U! Ji_jJl 4_dL5 1843 c 

(tyJSldfl (jr >a ciU 4—ftUo 3J 

mechamica! 3jl j_d J ^(.'K ,it 

equivalent of heat 


(4j;L>j?eJt ISdaUjjJtj tSLu l ddl - JjVl f JjeJQ ^b>ulh 

4_jjij_>JI lSLj_>aUujJi (JL^>3 j Irii j .(jU?.1850 ^Lc. (jr 3^v 

(j\y cjVL_?c^3 /j-a ^^13 ~X—A ^J1 .>■-* K i i L$_Ji.lj 

J-lU-u Law of Conservation of energy 4 J 3 LLJ! 

.u-ui^j <U <q iH -JLl 4 aLjVI cK 1 -*^ 
j^yllli i_jjlrt-3j} C-cjLu y dc. j *_i_uluii (jj-Sil 1—4 ■U3-3. i/a ^3 4 j 1 Vi 

James Joule ^j-ddVl ^Jld! Ui 

i— aJ 1_^ >li£xj j_wq 3—>»^3 y\ ^i t—3i—<J^3 ^ji /«5 L^j 4_2LLJ! 

/_^*_ ix-) 111 \jJt (_rL- (J-*—^ J4 —j-j ji 3jij—di 4L * 

^ V_» a (_jJ l_u ^itdit 

inter- 4-LL>4 jJI 43LLJ1 L^j^juo ^-t^i ^JL>Ji o3^Ji 
Jj_j^3 rj\ y£M ( uLJl I ju5> ^ LgJjlro iu, ^\ nal energy 

4_3liaJi ^y $ n. a j_t-u3i y\ 3y. ^A}y . 4_jdL)ld_>i 4_3l_L ^Jj 

_L_d <13 \ La 11 sL-3 (j^-jt_3 juot i 4 ij-vljJi 4_3l_LJl —3aJ 

♦ 4 jl ^jJrJ 1 lJ7 £i a-xilxli 

lyyby t4_jI^-ijJi 4-3 Lid i a a ijr l-C. y^yJu _u i—jl—Ji ijuk 

t jj 4jjIj _>Ji Kj /sLlj jJJ JjVI {jj-jl 3.1ij t4_3LLil Jl—3-3Lil 


j—d~-ti 1 ^idJ! i, y&J . 4 J 3 I L!i L3-> /j^jl_3 yJti 4jjij^>Ji LSdaLxjJ.11 (JjVl 

^Ji 43L3oVL) Ji-di y\ 4_L_j-o!jj 43LLJI JL33j1 /yC. dLii 4_JLvijJi 43lLsJI ^-l*3 yJb L$_l3 

^ IL -J 4ai rw i jJl 4^Udi ^jj-sLoll LuLj £l31Iuj Sjlj-di ^jLu ^-ywV (JjVI ^j^jLoII iciU3 

^L L jJi 4j,j_u ^4ii work 4 JJL_t3Ji 4Ja_^_ul^j &\ <4_Ji ^LL_Jt 4_L*j_ui^j L«i ^-ut_u 1_4 

. 4 Ac. J j_u 3 ! 




HEAT AND INTERNAL ENERGY 5Ll>.tall2L3UaJ!j3j!>^f 

42Lk]i AS y-tb 4_jlivi jJi 4_3lid 1 j . j 4-j.l-vi jJi 4-3LLJ1 (jAj 4 j! JL_Ji yja j— lxU ^jt L-^tJ 

(J-Q L^jjj y]^i n Lc JlIc dslajj-^-j CjIjJ iyA 4-U^d_u j^dJL i 4_jlj^dc_3 4 _Lj3^JUj ^LLxlli hr. JgJ 

4^iL y \ ^jLljlH di3 (yA 1 ^3-dlj .^..d 4_i_i-uJJlj reference frame ^^y^ jfLl 

43 LL s 4oLwtjJI 4^LLJl . 4 Jb>.I jJI 43Lidt yj^2> ^_jdji3 V S 3!t ^3 <i~Sys>-> 4^jc_j3j ^UdL 4_£^>J! 

/ 

vibration 4_alLj rotation 3_JiljjjJt 5_3lLJ!j translation 5_J1 a YAH 



(m) 


1 iSLaLljgiJ JjVI ggiUillj 1 jjLuJI 



43 LL-II gv Jajgj gl g j 311 (j^j jJsj .cjLLj_>J{ g-uj (J3*L j~il>gJl 43i_Lj .cjLuj-ptll 

4_lLL jJI 43lkJl gl 3.17 *w a3H g3 ^gJ.^.Sjjjoc^a 43 ^L*Ji ^g-A gt VI 3jij>_>- 4pgg^ 4-iL-igJi 

.3-j!g>J! 4j%.j3 g3 g- i.* 3 Cijg^. gj.} HJ.1K ^jjljj gl g^-*V 

monoatomic SjjJl ^gUi gJlili jUU 4aKJgji 43 IKJI g! J^-lgit <_jLJt ^ ^gi^ LK 

CiUg 5L - U 4—>.L_jJU 4_3l,L-U J.j_v gj| £glJj g& ijufcj . 4 j1jJlJ 4_Jl—rt-l)Vl 4 Kj >JL 4 L t lj —a ideal gUS 

4H3LL gLiJl CjIjJl! 4_iKJ 1 4Kgj>JI 4_3LL <J!lc-> 4-_u^L>Jt 4jL_>di aJJb g3 ♦ ^LLiii U g 1 4_u^-t-tgg^-L \ 
4l3l_L> gJJgJ U- u ogijg CjijjJJ aKg_>Jl 43 LL <L <wgia jlj UK jUJl 3jlg->. 4pgj ogij UK g . 4 oi^ |gJl 

4 jU |jJt 4 _sLKJI ;J_4Tt “i 1 4g i jgpj 1 CiljLiiiJ -JXig LIj 3J_-cL>J 1 ^Uop-Vl g3 4 jsLc. 4 a .usuj. 4_L>.I jJl 

HJgKj 4_gjljjj 4_jKg_>. 43 LL 4 j gg^Li gl g^**-* SjjJI gXLu jLiJ! ^ULc- 3 4^Ujg_>Jl cjL^IKJ! g_a gg-Lt 

.j-juag 43lKj 4j_i-igJ 4£g_». 4^LL> 

3glg->Ji UlL>*jg JjgjiJ 4_>iaIU Lo j»LLj Jja^g-AC 43Hail Jlrt l.M Ujl 3jlg->J1 USgJU :3jlgj>Jl 

.4j > L j >d I. t-» / .gj ij tVtTI (gg> gg 


4jjlg_>. 4pgJi *.L i j_o 4jUw U« juagj 43LL Lg_Ji <JluL3 La 3gLa gln-tua La J . / »3 

g>a 4jjlgj>» 4_>.jg glit^-LL igLxu. (33^ ^Ll a ^x3u Ugir. OJLssj La Ijukj . ia ^^,-Ll I 

(. r X L3" i J1 <^LLJI gljJLa ^gC g Jjt >j 3jlg>^- jcJLL-t-a-a 1 I si vl ug . 43IK ^Ut < <-cii-K-a g-«g <-LU 


. 4_3jgLJ| 


gdJ tj 3u m 4jI tgg3~iC.lg CalOHC gKggJlK ijr ^_aJ j_jLq Uj! 3glg^>Ji ^ULH g ft C. I (jyS 

^LjI ^1 M.rv Vl CjJ_>u Lr-^l Bglg-^-Jl 4^>.gg CiIg .ut. ’ll! 4 JVjj 3gig_j>Jl lj3g_c. ^<u m i - >»V 1 

g _ i 3 i > Lul VI .3gtgj>Jtg 4 _lL-I gJI 4^LLJI g\j gg-S t-L5Lt_<4> g! L^jl3>!j I ^LsJl C3gJi 

A 

^Lg-uaJI i _ r 3 4jgij_Lo CjgL-a L^ji V! . 43gj CjL-KJI UK c_3g_*3 V ^Lo-t-ul ^.tg rW uu ><L CjLt-aK ^.Ij 

*4jgig->Jl 4 t.< gj I j 4_IdKl]| 3glg_>Jl oUKJl ULK 4iLal g^ 5 .4^_>jJiJl jKLbVI LlL gu^L««! 


g^- 4.3LL 4_xJ! J^Lc3 ^cJ gi ^Tuv. go. juj gl g^U-J La ^.LKlj 4gi>- i gj I 43LLJ1 g i tllLK u3gju g! 

UJ-^ ‘UUIgjl 4 H 3 LL jljigjj gjy- mj jLiJ! gL iggiL 4_Lo-uigj glK i'^> J_Ic ^LLj-S .3gig_>Jl 

t4iig-txU HJj JlSU jLlII 4JL<U Igt .^1 hull gj! Ul_pm t L iJ,y I jjf-a 3j!g_>- g-Lc 43 1-Li ! jJU-J-ii OJ-> » 

JL-tajgJ! 4-La 3gig_>. ysit gl-C. 4 J 3 LL-U JLUj! 6iJU gl ggJi. 4 jUlgJl 4_l3LL g^al.lt-ljj Jg-p 4 jI '\ 
t L j-ojJ 1 j gLiil g\j 3glg_>J! oL>.gJ g3 gg_3 g£. L>olj C< <^t. J gLiJl 3gtg->- 4_>-gJ g3 g_-L_lJL u Lv i > »U 
g^gK g^ 4_Jj j? jliJI g^s 43LLJ1 Jiin gVjJLd! g^a g3 . _> L V ^ <Uj -Ltr- 1 g£- 4_>oL cL-l'k11 

g3 gj-xK! jKJj U^ . 4__j_UigJI 43 LLJI ^3 1 3jLj gg^i ^LKjil <J>3 J 431KJ1 g3 g jjTxilg . 

. jLJI 3jlg-3- 4p-gJ g3 ^jLJI g-f«lH g-4> 4_1 LjVI oJJb g3 jUU 4jl^.1 jJI 4311 


Ujaitj iSuitSutt- 



Units of heat Dt JL>rj 

La 3 jU ^3 f^LajjVI ^yix. 3 ^Lh 3 ^ ^jV! oLi-ujjJ! . lJL»U*i La.^ 

Calori 3 &J oLi 4 * 1L 43 ^Ix. l^J 4 JaLia 3 J 0-3 viiLljbj **UI ouL^La LJLc .3 

34 ,m 34 3jl^->. 4 ^>.jj 44 jMJI 43 LLJI 4 _l*£ 4 _j \ jju/Liui! (Cal) 

j-j-ytiii ^j^jlluj 3^3 5^jj^ C jl^u-ujU l .<.?£j 3 ! ) (0 15.5 C ^Jl 14.5 C 

^^3 iJslioJl ijLa .33 (^jjJL^ ji-L^ 3 jLj>-j 3 * 33 -*! I I Ju^J ^aJtILi-a-jj 4_oi JuLi iJslisJI ^ 3 ^ •*-. a 3 ^ 

4 _^ ^Ll ui j-juj (BTU ) British Thermal Unit a-LLLj^ 3ji^ 3 0^.3 ^ ^LkUl 

. 64 F ^1 63 F 34 lb 4»>3j ^jA 4_«j^L 1I 4*3UaJt 

3^3 4_JjUaJi 3 Jl->.j JliJl->u SI olju^U ^JjjJI ^UaJJl »1 4 I «11 l^U>3! c^J! 3^3 

3 jlj—>JI 3 ! 4o->-V) ^J« rn lij 4 .Jl>.IjlJI 4 J 3 LL 3 JI 3 I <atLJJ 3 j_>. 3 ^ 1 v*< <<n cr^j Joule Uj>1 

Liu l ^L33 ^yjJi Lg3t j 4 J 9 LLJI 3 42LLJi J^il JSL-jJI ejjt fj\j tlnlVlV f^A 4jjLL> cj! J 0 . 3 J 3 *Lu JJuiJIj 

•(J^W 

3>>JJ ^SLutSUt 

3 a* jJ jJLfl cLiJl^j 4^ul^jli 3 ^ uiil£JL>.l 3 J LaJjl 4jl L 34 LLH 3 jjLuJi 3 UL 3 H 3 J 5 

nonconservative 4 ^x 3 Lt^a 3 -uc. ^39 33^*3 £-4 4 J 333 . 7 * 4 3 -x. 4 ^ 61£ ^11 4 jsLlaJI 3 ! 3 }*j dU 33 iJsLLJi 
3 !) (J 3 gr.n L^-iSU 41 sLlju_jj ^313ejV 3^3ill 4 j»Kxll 4 -^LLaJl ^jl c-jjl. 3 -ill jujutii c*l.u .forces 

4- »Irx4 J33_3 3 L 4 —mi-4 3jJ°^W ij^^acJxil tfJuA U-Lo ^ 3—>0 <jl 1 \ t*\ 4_)J . 4_jlrv-i_5 <L^Uo 

$jl 4 t »ll 4olor 3 ! IjjxlA-1 4 ^ 3 -Lail 4 £j^>>. 431 Lai 13La . 433 -la 4 4la-t u I 3 J t.< A* -LJ 1 

ju J-il . 3 ! a <<iU 3 jl 3 ^- 4_>.jJ ^U3jl {jA dJU j 4oL>-l«i 4^1 la^ jl a <«U ^Jj 1 > (JiHit Jl3J 

Cxoji (_^i)Jl 3 -A J 3 JV 3 1 Vj t4 ai^ljJI 4^1 LnJij 4__jSLuli_ill 4Jal lall 30 4_3^LjJ1 <jALj 33 m a 3 -L 3 3 A- 4 I jIj 

. 43 LL.Il (jr C. 3 J 3 ^j 33 LLH 

3 ^ J 30 - 33,1 4 LU 3 _ii> 4_j_ol3jJl O^S-5 3 ^J 3 ^- 4j3_?cij L^t-uiajj 1.17 

1 ? 

cU.1 ( _ r ^ JJJy J- 5 ‘-4^- A AU.uIj-j jOj frUU (jr^- (Jj 1 v fU (Jj-iiltj . Ljj^j—=»- »Ltj 

% 

3 U 3 4J_u Ujl5£o»^U 4 je-uj t ,<liU 4 lo.i-tfl 3 J c ^ 1 ij jJl pill 4.0 > 4-HjIj 4 x 3 _cuj 4i_t_i3 4 Lu.«l 3 J 

JaJU£. c-xiiil U^L>» 3 -xsj ^U 1 3 ^ i^3^>4*1 ^LjVI 31 jJl>. ijjJlill 33t3->Jl 1 (la a! 13] ♦< < lil l 3^3 


4^34 ^Ui 34 J^.l3 ijl3-rv. 4 ^.jj 44 j^Ul 53I3JSJI 4 -a 4 - ^ 4 il 3!^. (^ 33 KJ 1 3!^ ^y-uoLU 3^ ( 1 ) 

4l> 34 pULl 34 4^vjJ ^^>1 44j>Ul SjU^xJ! 4j4^ 3 ! c£iili Juu ^xoj! 4j! Vj . 1 C 4 J 3 I 4 3 

. 4_ui jJuVi 3jl 3 ^>J! 4jwjJ i_3^Lli>-L cJiilstj 3 J 0 -I 3 



tSL ^ L uh ii ) JjVl 3ji \js*2 I1 jma yloJ i ( Juiat t 


Jj->> <J j y 1 (1*17) (J£»Ut 
&\&\ uy^-zl 
jjj3 4Jcul$jl 4_l~tfCJ 1 . dji^jtU 

L<9-4 L> iiJ^Jt ij i—A IXI 

. *.LU 4_>.jj ^i_d3jV 






Benjamin Thompson jj-.-jt. 

(1753 - 1814). (North Wind Picture 
Archives )... ...-■.- 


1 jLa tUl! (_yic. i-■!3 U at-..„lji jJjj_J, 1 ;J« i~ill bjl jit.a 4_lajL$Ji ^xlajJ! <Lalla ( j r 3 jj^aJaill 1 ~ 
41^511 jl.y 2 <a m >-n •>. 2tngh qj/S .j <LaLla 0 /*a;tl (jta h LkjjJa 5 _°L^.x (jLjiiSLJ! cJai a 

(jl 4j^.*^ili j-ujiitij .sli! 4i».jj £Li3j! ^I iIjj! (j-4 SJallaJ! «ju 

(jl J4>-_5 JlSj AT *li! 3_}!_^». 4 ^.jJ ^IajjVI ji.tii a < t <r»L uj 2 ttlgh 4jSLjjlSLjil 4aliaJl (^ ,i iinli 

o.».aj oa 4_jSLulS!ail SJallajl (jja 4.18J (jla (j^aj 4.18 J/g" C (_£jLuij «. <mt nil huIj 

i j i jlxill Cijtii (j! tillj Juu daj^jwf 4juajjl CjL-uLtjJI ij i ja a .1C jhl 3a i »U.i ^y> j»!^v 

4..a i 4 jt. j.~i.r.l 1 1.ia: a . 15.5 C (_yJj 14.5 C (jx cUI 4^».ja ^.j~)^j 1 a.ilr 4.186 J/g" C jjk 

. 4JljJi 4 ajlill Lial£Lo 15 C 4j*.jj .Uf- 


1 cal s 4.186J (1.17) ^(SLlt £al£H 


(jjy I ^QjV ^L£JI 1.17 JO* 

51 a ■'ii (Jjljj (jl jj_3 4jjj oljj_j V (_^5L!j 2000 Kilocalory 4jj!j_a>41 4JL^j-a »Lii r Mai 11 j <_JLla 
tiilj .1—jULuiaJi 4la ,1.1 jj 50.0kg 1 ^ ,"il~i^ (JL2lil ^aj (jj^Jia^^C. i_i.«ll.i (^ LLalSi^ 

V 4j!j 3j^a (J£ 2.00m JLSliVl j.a^j 4j| (_pajJLa! SiallaJ! (j_« jjLiil Ijla , 1 n a \ JL^jS/1 

LaJU£. 4^lia ^i 

<Uja cj^ikU q\ ,i ^jeJ-Lu oIj^wj 2000k.calory 

W = (2.000 x 10 6 cal) (4.186J/cal) = 8.37 x 10 6 .1 

JlSiiVi ^aj jLui (Jjjui! (_ T 1SU1 (JCiLtlj mgh (^jLuu h Lijaa 4al m a (JL2j 5?! jaj jlIc. (JjjuJM J*iiili 

t—4j)ikU (Jt <all 4 _^>o£j 4-l^SLII fiJJt A\-i (^jLtuiJ Wflgh yJb ClljJ.1 ^ya /I JJor. 


W = nmgfi = 8.37 x 10 6 J 


n = 


8.37 x 10 J 


= 8.54 x 10 3 ^ 


(50.0 kg)(9.80 m/s )(2.00 m) 
i Jl ^ ^ 4_£.Li-u 12 ^j. jljllu. jLmLjj 5 2^-jO (JL-fijVi l ijQ 3Jl_l>. Lrr. as\) (—JLisJi ! jl_3 

. 4juo/LL11 T^c. 4jjj Q^ a ^J 0^ ^-LUoJI Ijl^J <J-ua^Vl ^jl ^_)_a . 


HEAT CAPACITY AND SPECIFIC HEAT^^Sjj^lj^j >*JC4jluJ\ s^4£ 

»l jlClmju 1 jJLuk) jJl^P 4_>.jj (J.4 .uu 3jUJ >.il l3 ^uu La 3 jL1 43 LL 43Luo] jlIc. 

Phase change j^LJI ^ j.j nil JL* 3 jUU 4JL^ ^ ^-Lu 6 jl> L! La 2UL>. ^Ja LLL ^ 103 


jl Jl aaj 3jLU 4 -Lutwa 4_i>a^ 3jl^>- 4_>*jj £ja^J 4_aj^Ut 43 UoJ! 4-oaS -(^JLIi ^-c^utll jiiJuu^u La£^ 
4j»-jJ jl Jl ILqj pLU <\>a ^l^jw 3j!^>. 4_>.J J 4aj^>iJ! ^ILJI 4 4-aL M^-4-^ 3 jLa t. Jil3?tj 

{jA £j 9^J 4_aj^UI aJsLLxIl 4 Laa q - ? 4186 J 3jU>.|^ •'■Lu 

^J-3r_~u.ii.i 4_iJLJl Lu.J ^j3 ♦ iL.a£ 387 J £Jl> 4^ jiij-Lmlm 4_>-^J ^ 1 Jl 3,4J ^^uLt-31 

(Jjt-Ji JjLij U ^LL-J 3ji^_>. 4 jwjJ ^ilal< /i i Lot LuLi.3t ^3 <jl (1>^J *4^LLJ| JLobV JLa^ 

. 4.tie. 

£_3jJ <Lj» 3^DI 4J2 LLJ1 4_Lgjf ^Jlc <—iL>-*-> La 3jL_a ^j_a 4 ..Il«J heat capacity C 4 j^!^->vI \ 4n <<»Tl 

{j/-A Aj <S cj J^- i LI 4 j! Jou Lu^JtqJi ljufc Two . oJ^\ ^ 4^-jJ jlj^w 4_LtAJI <.ili3 3 j!j_>- 4l>-jJ 

JujJui . AT J3 3 jLU Q 3j!j_>Ji 

4^!^) 4^i (2 = C A T (2.17) 

41^4.5s (jL^ ^ 413111 3ju>.^J 4 jjIj__>JI 4 _t->.uJ 1 (sr a> La 3 jU Specific heat C 4_o_c1 3^l^«>«Jl 

(jj5>3 jujJ jz .AT jl jJLc4 L^jj1j_>. 4 _j.jJl.hI m 3 jlii ^j_a 4 LL 3jl^_>Jt_i 4l 33 ill Q 43LLJ1 

'(jj-At 3jLaii 4 jjC^jJI 3j1j->*]| 

Q 


4-lc. i 3j 1^>41 


c = 


mtST 


(3.17) 


4^_c.^Jil 3 j!^_jhJ1 CjjIj 1 a-1^4 4-bLt3al>l 4_atlaJJ 3jtl! 4aa*A.oi->. ^J-t ^LLo 4-i-C^Jil 3jl^_>4lj 

(_7^ ^jiLill j. L t3rJl CjljL^V 1^21 L^ILsLuoI 4^1 Li! j\ JL3.>a jIj L a-i ^ 3jLaii 

. jlji.1 / js\* 4 4-iC.^xll 3 j1^j>JI ^ylo «j (17.1) 


iauoJLl Jcxci/jJlj ttl 1 ^313S' 4_Lui 3j413 3 <11 Q 4JslLH j^c. (Jr^i Lij^-*-3JI IjlA {ja 




ISLyalo J JA J JjVl j Sjl^rtll i j . u i C. jjUull 11 


Q = me AT (4.17) 

0*3 J 1 ‘ “ ola-jJ oMj cUU 0.500kg 4^j5Ui fallal! 5^1^ 

(0.500 kg) (4186 J/kg-°C)(3.00°C)= 6.28 x 10 3 J 


La4i>lLJi L)^ L A T tQ ^ai3 jL p g: 1 J. 1 C. 4jl 4J^7w^La t_-<J5c-3 

l. t.t itaSLi ^jVi 4Jl_j>Ji ^LLuJi ^jUw ,^Jj 4 l 3- ~ i a 4_^lLxIi ol"^ 4_JL*_« AT tQ 

j JOJ t ^JU 4_j f Vi 4 _>-jJ>j 4_t_c.jJJi .In A) 4_uliit 4ji_>Ji ^yhj 4 J 3 U 0 

^Joj. a tf ^g. jl jJL/: C jl ft r.lj j— uljJI ijui jJLaJfcj /)iaJLi 4 jL^ 1^ j i £ 3ji^>JI 4_>.jj (J? j3 

100 C ^jJi 1 C ya 43jij-2>- 4-^.jJ j-jJljj Lajulc. 1 % ji J_ixj j. .i j lT > cLaii 4_j_C^jJl <JL!lU 

. j^lC. til VI j-JuJ! I Juk t-Jij-t-uj} . jLL*JU ^^>J! iLa 

^j^ri.u; jlIcj 25°C jJLc JjJlv 

^ t—.fcaJmSjK. —~»Jt 4 «—. 5ji> j» Ji 

3 j>\ ■ U _ a^L _ tt 

cal/g- C J/kg* C cal/g- C J/kg- C 







AjjJLil) SwL*L>JI jl^Xt 

0.092 

380 

yJlsS> 1 ^jaii-^C-5 

0.215 

900 


0.200 

837 

l 

0.436 

1830 


0.50 

0.21 

2090 

860 

(-5 C) o^U 

0.055 

230 




r J 

0.0924 

387 


0.41 

1700 

t , ,w 






J.utl 1 

0.077 

322 


0.58 

2400 


0.0308 

129 

i— cj£0 

0.033 

140 

JA3 

0.0107 

448 

Ju J->. 

1.00 

4186 

(15°C) 

0.0305 

128 




j^ 

0.168 

703 

OJ&jLx 

0.48 

2010 

(100°C) t U jLi^ 

0.056 

234 

4 


4_aLc, d a s a. Cil i *>L_t aJl ^ 4 -i * 3 4 ^ 1 Sjlj—stli 4_4_uL_iil £1! (j! JL_^J Jl3^ 

/^u 3ti q\ V! .C-uLj C.t^ > o ^j 3 OIL i?< V -i dulj i_La_i —ud Coo {jr Hli ol_mLo. *aI 

^ La L-Jlii j 4 la, a a - 1 4j a-Ls 4_j_t^Li jjLtlb Vj 4oli^aJl ^L^-orv V>J 4_L-txillL jui ^ i I 


^jJU lj y 3ji^_>Ji ^>_ j . j j—lJi—l>V 4 _j_ g .^Jii (jl aj 3.17 4J^L*JU ^lr>* U ( 1 ) 

l ^Js ^ -1^" 3.17 4j jLu^a Tj T } ^a j-ixu ^xjlUj C (j! ^3 4 _^oLl 4n ij AT— Xp 1 j 

<2 = mj^? cdT ^ 


ISLj»Uju 1 $j tSLo l SLt - JjV<» }*A\) 



i^jjum ♦ jk 1 11 ^^>Jt k-Luall ,ftf. L 4 xojL-l 3 (1.17) Jjju*. olkkU ^<w3l1"^k* aj . I juk 

C*->u 4_tx»Loil ^i ( yc. LcLcj l Alaiej duk JkJLua Cu_>o 4.k 311 ujljktlj 4 _lC.jJJ 1 3jJ_>Ji 18 <_>k 

.Ouk 

# J* 

:4jJkll jl^Li J£ ijL>.|j LaJ-a- j.L£~ OiijJ <jf JkjZ&l 


^1 JisVf lh 3 ^l^il <>juk (_uj (a) 10 C 3jJ_>- 4^.jj Juki ptil *£-L>jJI i jjjlj>J! 

jl^JU oik <—<3j (b) L^-u 3 J£J 42LkJ! ^yA 100J 4^ka>i juu 3j 4_>.jj j-kVl 

l^x>j j£ 4>>.jj c*a jjjj kj 3jiiju>Jb i ^aii aijjuxi ^ikn (jt 3 j^vi 

*20°C 


tjy uj| jl^JU ^j&Lk 4-uC.juii /^o ijr ict pkail 4-oC.^xl! 3jJ_>Ji <jl (1.17) JjJuu ^£> cka-^LJU £ys 

okse-kuoi! (_y* i—ij-JaJk JjCLaJU qu7i k 11 ijr ul! <_ :r A 3 ^-u.lCH 4 j r ^Sl\ 3jJu>Ji <>Jukj . JjjLu>Jk 

oii> 4^LkJl J 2u n ^oLLkjVI oktkj-uil ait tfLua Ju>- 13 La Jan g-lxkJi Ji^a 6 jy^ * 4_jjU,I 

*pLai! 3^j_i£j| 4_ui^JJ! 3 jIjj>JI u-uuloj^ .e\±dl 4-jkwijJi 4j9l_kJ! jljJLd t3jJu>Ji 4_k-<_t/i^j gl^Ji ^kJU 

1 <k3k (jr^ pill ^oLAitjVI uu-uJ pi 3 - 4 II 4iiLkH {_y& j. gj£ jJl3 J-333j 

<?k>oi ^ 1 a A * Luij^a JC^I i>k>«jS <j^Sk ka> Xic. j-k-«-u <?k>oi <^^3 4-uLv.l Jlil 4_£lkJI alt jLLb pi 

(ji ju>o aiijJ (^^kJI <>L>*ji 4 ^) ik >^ c - > 03 ^ ^o-stkXi oLVjii ^-klkJI jlIc. ^Lj^JI 

Ikj jkt 4. ikLll 4. Ilk It! (J-*-^-5 LoJ ir. ^SLt kuLtl i.kj >J.l ^k-P /y>3 SjiilLusui! 4^UaJI 

(JuraA Lkj jJl^i dJu^Iiil oLV^t JkLoJl (jk <-.*»ljukj SjjLaJL! (^jukVI j^kLUi 

. jkL lL jI ^ 2 CJ 4^lkJi J- 4 i>o L^krc-iV I <?L>ul Cu> 4_0^_tJ! 4_iL>.kail ^kLil /_ya g.LuklI 

c—u^t ijUullj 4_L^Ji J*-^ (^jJl jJt 1 (j\j Jj-iii 

oi^aikj .3Ju>-J 3jl^>. 4u>-jJ 1 a 4 *! ^yA /_Ja. ill 4-La j_Lua3 (^ali Jj_>Ji £ya 

4jjI^ju 4uvj^j pi -4 $ J_ua3 ^L.>. (j_a lj.L 1 x!l ^jl JuLa Sjuv-lj 3jj) -tuaj 3jJ-j>Ji 4_>-jJ 

Ca juj (jyLll 4Jdlkil j! Jl 3-4 jji tjaj JI (^k /^jq Oia-^ ^_y3 kl^LlI OJLstj ^L>Ji ku 37 C 

■« k^ LjIlJu I jls . ij. "i j J1 ^^k ^j-a Oujl a n 4-jjij_u>Jl 4_^lkJi ^j_a Jj._u kaJlLc. (_j-a 

4uku tlr^ki 4u_c.^Lii 3jlcl^-p (3-17) 4JjL*il (jL^ . Cy 6 0*3-5^^ ( 2 ?-CLjjLt.ttL a 

. p (^ 4 ! 1 i^yA Cj-yS 4-u_k ^-k- ^Ik>o I Ijg_uJ I ^^kJ 4aC^Li 1 3j J->»J! /)-« I p LU ^j_a 


Conservation of energy: Calorimetry 2ujjl+*jjS\S 2\ t ^SUaJI JaJb* 

^3 T 4-^J^-Jt- a 4_a-jJ 4 kr., Cj\-Sr. 1 u~i Jj^k 4_ulJ-Lll 3j!^->Ji ^ju/Ll. 3 J>k Jux! 

tjl 7" a) 4^J^U4 3 j! 4_rujJj L_ 2 j^Jk_a Qjj L 4 J pUI {yA 4. j .u fC pkc.j W* 

> ** 

tijjLa. ^gjJI (JjLijJt jt «..<J>- CJJjcj (jt Juu ^Ul Sjl^us. ‘UjJ (__>-uL5j T^ < T x 


( 684 J 




f ISLyaUu JJJ JjVl 1 :^ulC ^tnitt 



4_Lt*J! ciJ^Iu 43 LL 3 J! A^xS t^LLaJl t l a ilaj . 4 JL$_aI 1 Jlj>- 4_l 1 a.*J \ *>JlA f-Ltlil 

^ a .ml <L_3j^_laJl clxJt^ . (3 ^m ^1 l-^JU (jr l!! 4-^Uai! 4 j ^4Jj ^ ^n-q 4_xX.^jJ! L^3 j!j_>. ) 

.(^juul 4 j ^-4-4-uj 431 Ini 1 (JLilbi 4_i3 ^ jJi . 4 j^Il4Jj^] 1£L1I 4JLi^inlLi 


5JjL*-U 4_iLi^ {jja 4^LLaJl tlra^-v- 

Scold = -Qhot < 5 - 17 ) 

jljL-iwO 4Jrn.ui^LLaJJl £yd ^y>- l_ml 1 <^_^«J! 4_^UaJi (jf j_ r i£. jjy^ 

♦ ^llajll j^yi JjLaji £^1 i..<-A Ju ^LLJI 

Laj IjlSjs Sj! 0 t 3jlj^>JLfl iOljLiV! 3 jl£. 1S ^jlr. i tVql ■>_! ( _ 3 £U 4 j<i a! L^l 4 JjL»JL! ajLiVlj 
Jtojl (jl fjflc- 4_Hjl 11 ^3 4_dL-uJl 3 jLjj 5?L i4_JL-u 1 p "■ •*.j A 4-0*1 t ..11 4_Li*JI .liJjJu (^-dl 43LLxlt <jV 

• 4jo_jjs l^ 'ojrt^l (j -«3 -JjLJt «UI (Ji-jG Q co [j u^ JoJl £/a (3^-y (44 i>«J . 1 — 0 . 3^0 (j*iuVl 


L^jljo. j—y i »i m •4-xf.^-lll L^ijlj-o i. ■ C.j-j La SjLc (j*° 4 iJ-T. 4jb_£ 771^. jt u^ij-aj 

oLuaSLil ^Jjli-a JIUj T q , C^ , WI w (jt (joj jfl i -a ai JUbj T^ 4_ulaaj5?l L^jjtjo. 4o.j4j C^ 4j£.^jJi 
iS-jlil aU.1 ioMGolj (^jljoJ! (jl^jVI CjjJo. Jljlj 4_uL^jJI SjIjoJI 4o.jJ ( _ ;r 4 Tj (jl ^1 .-LaiJ SJjLoil 

L)V 4_j_o_j-« 4_j —*£ t-r^J ^(D (Tj~T^ (_j-& ai—U 413 'ill 4 J 3 LLJI , i-a-i in 17.4 SJjLua {yi 

4jJLu (_y4kj Ttl x C x (T y -T x ) (jt A 4 _iCjJJ 1 Igjjl^o J 4 S 0 (j3l! 4JLutll £yi 4l3utl 45UaJI (jlj 7^>T ||( 

: <_yL- (J I^**-' 17.5 4jjljua ^^3 CaLtaSLlt oj-A J^lo-b . T^ >/^ 


m oj c oj( T f - T J= - m x c x (1 f - T x ) 

C J 03 J 

_ yJ 7 /" 7 ^) 

Cjc_ 1 ^( 7 ;-7}) 


A* )> t»4 

4j^ILs j-jar.^J tjr ^J c_lL2-J JsL-x^J ^ JLV.~ jm\ Cliljl im (JlLo £^j_d_4 ^)i^s 
S^LlLi fc^UJl! ^g&AAj V ijli .fL1L» 3^ji>s 4j^JL) ^-a 4 ±mJu ^JjL>- ^jVi 


4^LLJi JjsLiJb 4 jI <±4^ Lbii-u-v dll ^ylc. ^ jJl ^lc.jJI JUoj l. i.^rj <U^jdi CiLt-uLii]| M 
4io^ OjL^ i3L^ . <-La i4a.ll j- j.^1* It 4Ji^ £;! LiiljLJ ^L_i_3U 4j| . 4-t i >il 

. p.Lc,^Ji ^_ajG JU-aI 4iH^ ^yA 



KgulSuU--^b>^i 


2 Li^t^2L uJ L*42 Ul i S JUjo3 2.17 <JLl« 

/w 3 0.40kg <u c-t-Li-g200.0 C 4^vjjJ olit .^ 0.05kg L^rili5> 4 _uj-jl/ 3 4ii£ 

y-A 4_c^-aa r -a- l l (_£jl^>JI jiji^fl J-l c 4 j>.ji 0-3 iilj 20.0 C 4_ui Jubi 4 _j*.j_} Ji 1c, ULI 

.jjmali ‘Ocelli ij!^>Ji 22,4 C 


m,, c\ 4 , 

CO (O 


ji (5.17) 4 jji.> 

,(T r T Ci ) = -m x c x (T r T x ) 

( 0.40kg)(4186 J/kg.°C){ 22.4°C -20.0°C) = -(0.050kg)(C x )(22.4°C - 200.0°C) = 
c x = 453 J/kg°C 

JjJcv Ljt Bi iijjJJ jjlmlLj 4 _?c_l 111 I £>Ju& 4 -)jLLa jya L*£ JuJo- (_ r ik 4 - 17 CJ 1 £ JL& j i (jlali t ^ If .]j 

(ji ! (j-C -5 (j^aj 4 _Lx^j j-a 1 Ju 4 _a.jJ ji 2 aa*»V . (1 • 17 ) 

(ji La-)^ . jLrc—Ji 1 liU a LaLLaj LuJl! j! . jL-jjLj>Ji 4_jj.^ cLiij JlLc. ^0.1 x.) 

. aLa i 3 ^-a lai^u lJ 2 jum jLe_) jlic-ii! 4 -la-aj jya (Jjsi 4 _uL^xII jljiVl 4 a-j _3 


j2u3 I ojdii cLaj 3.17 Jli4 

♦ l_.<-ja-- > J I j-a 2 ajL>. ( jr L. 200m/s ( 3512 a.)! ax^j^uo, 2.0g 1 .^ nL£ 4 _Ja_ili j^a 4 ilL> i jJI ^c-lj ( 3 iLi 

( J7 3 j-jjlx ! ' jjJuLa jjSL ♦ 4a Hall 0 -*A» jOLuauil j^c. 4^>uLi!! 4 x.la .1 ji! 43LLx!i (J^ (jl Lixi^jS IjpS 

. 4 ilLli 4 _>.j3 

(^jLuu 4 i Hill 4 ^j>J 1 4^Ua 

\mv 2 = i(2.00 x 10 3 kg)(200 m/s) 2 = 40.0 J 

Ojlj JuaJ 43LLa ^1 L-JUM-&1 4 SUa.l! jl_3 4_ilLJi jya (jx*_i_u \ 2a_j_>JLl uLa-f-ujll ji Cojv 

^oiiu I 4 I 4_j_sLlo) 4 j l^L 4i$LL> j^J] olj^o Jl 3 40.0 J LfcjljJLaj 4^->JI 4 _bUo jV L^JjIjO- 4 _>*jJ 
olia )i 4_^UaJl (j_a 40.0J jji^l 0 - 0 =.-i.i u (jl^ ^411 4,^.u-«aj j-^-9 5ji^_>J! 4_>.^J ^-jJLjII L>ai . jIJl-jI,! 

t-_)l <<ta- lll£l 4 J OjJ-v Ji j .a.VI 4 j.1^ ♦ 1! dll3 (ji 11LxJgJ jj . 4 lillatl (jj-^ (j-« 3 j!j-j>JL 

(j j! . ( 1.1 7) (JjJl>* ^>-lajt 4. ‘s \rtJ 1 4_t£.^jJI 234J/kg. C jLaLJu-olj (4.17) 4liLco T jt Jula 

Q 40.0 J 


A T = 


= 85.5°C 


me (2.00 x 10 3 kg)(234 J/kg-°C) 

L^J (j-aLua^Jt (j j* OLilia iei axU t JU^ 4 _uO _5 OLilia j^a <L»_a La jLj JL 3 j-axll (j^lj ji 

. 4 iila.ll djlj-a- 4 ^>.jj j.afcill jlj_Lc La .uLxjLhI! jM-LV! JUc. 4 il^.^_iii \ jni ij 41 x 5 v 1 i jju 

/ 

. 156°C .2UUVI 



Cs> 




15L~s l \ J Ul Vi Jj^jUil U ' i ^ilig 

LATENT HEAT wLUlS^ISjlj^JI 

Jo-tii^Ji ij\j _5 lg n i <3 Hill (JjLu CjJ-aj LaJUC. oLa ^9 3jl^>JI (_^ OJlreJ ji jtlUJll £_ya 
(_yji> i>jui>.cLSUaJI JjLlj jlIc. 3jIj-^»JI j.j »~i 1 4 _ia iu^tj V cjVL>- <jJI_L& (jl Vt . L$j 2a_ja>J,i 

. Phase Change j^kll j. X* lit t JJt ^p-4 . V 3j^uO ^y<i 3 JiLX I 1 4 JjJUJ 4JUJ! 

g</-i i\ J jJjL<-uJ 1 juoL>Jt J^kll (jfA j -JLilil [ _4-A L l ^ 

,3ju-aL_>J 1 3jjLa- U ^j^LJi i _ r s j— uji 3 «-i]LL&j ^{jl .jlc ) jJjL-coJi j^loJl 

^_uu -j! 03 4j-L>-i jdl 43LLJ1 ^3 4_>1 <g .*J<i■>► 03^ 1 Ijufc (j^ 3 4njJ}-LiJI ol^-uuit^ 

(_jvj cIojIj^JI (J-ox-i (jLaJjtil jOc 4_iio*ijJl 43lloJl S-iL^Ji (JL1U ^yy.u j .3jl^_>JI 4 _jvj_} 

L^ola-atj {j£- OJ.A "ix a ^jl CjLuj-ocIj ^ x * a j JajIjijJt vill3 ^ i~i .<LKLJ! 4_!L>JI Cj11jJ^>J! 

.<UlL>.IjJ 1 aSlUt ^,3 (j^-LblLo cjLuj->JI 43 U 0 {J ^Si o*- ^3p L - L i3 ‘^jLiJ! 4iL>JI 

^ 0 % j-yil CjJ^tJ Lo JlIc 43 Uo l-lx-lm j? 43 Luo i .}:\~J^c Ju 4 1~< LJ,I jljJ.1 ^ ^ j* mJ ^3^Iu L^j 
4 1 n“rj.11 43lIoJl 4-t-^-5!' (jf tilij SjLjQ ^>3 C-ollitJ CjLjj^ocJJ ^cuiio-uil 

4j>-Lil>u L«-4 43 LI 0 J ^Lioo Lt-^^o j-£juz3 SjLU 4 ^u^j^JoJI ^xJuJi ^.Lui 

<iuSJ 0>J 3^ ^ 4.1 ^ 1 m 43 LL 0 JI 4 j-<> ^ C-ol^ I j] . 3 Jl-<j_^cJLq 3^_LOtJ JuJl>JI u-t-jjij 

43Hoi 1 cJOb V l^-loj^ 3jl_cU 4 »xiLa 4jji^_>. 4-o.uo ^_ut3 = QZyYI 4_u<_aJJl (ji3 Lx d.}Lx £yi Ttl L^jJL4 

oJilxii 4_Lol_<Ln 5jl^_>Jl ^ a 1 ill L 4_u^JI 4_>.j^ j-~i—su ^J] jt 43 Luo.il 

<^y>\cy. !jy^£-o ^.oajJ! 4jul_lLd ^i-c. wLx*!*^ Lx ojU, L, jljuLxj ^4 Lr i..>J»l Latent hciU 

^jLU 


(2A.7) Jj< 


4jxlSUt aj\j. 

c 

J/kg 

jl^ajVl 4loxj 

°c SJI —* 

2.09 x 10 4 

-268.93 

5.23 x 10 3 

-269.65 

^.LLlA 

2.01 x 10 5 

-195.81 

2.55 x 10 4 

-209.97 


2.13 X 10 5 

-182.87 

1.38 x 10 4 

-218.79 ^ 


8.54 x 10 5 

78 

1.04 x 10 5 

-114 

o4A;! Js^ 

2.26 x 10 6 

100.00 

3.33 x 10 5 

0.00 

f.La 

3.26 x 10 5 

444.60 

3.81 x 10 4 

119 

c ^Lh^ 

8.70 X 10 5 

1 750 

2.45 x 10 4 

327.3 

Ly=>L^>j 

1.14 X 10 7 

2 450 

3.97 x 10 5 

660 


2.33 x 10 6 

2 193 

8.82 x 10 4 

960.80 

4^uo3 

1.58 x 10 6 

2 660 

6.44 X 10 4 

1 063.00 

i_xA3 

5.06 x 10 6 

1 187 

1.34 X 10 5 

1 083 




ISLtlLjjJlj ULjjlSull - 


4^UJi (jl JL-•>-. }.t u .4iUall <3^1 4_U i amSum Oj~a . 4j_*al£JI 3ji^ ,»i3l 

: {jy Jt 4jJij 3jLo HI 3jJL5tA 4 -la5vJ j^Lxii j .gal 1 4-aj^LH 

Q = mL (6.17) 

Latent heat of fusion Lf 

4JLal£JI 2UUJI ^11 4oLuail <UL>Ji ^-uuj LoJlIc. Unu^U j-A 

4JUJ1 j x jlZj j a, \ ir !*>>»*»...II ^lU.nU jjt Latent heat of Vaporization L v ■-.» 

(jja ~J L*£ 1^ j La^Loi-l 1. <11 j a-l .}l_jXt (jjO JuJuti! 4xal£JI .^^4jjL»JI 4JUJI AJjLuJ! 

.(2.17) JjJls. (_y3 »UaxM (Ojtilt 

'^^Q 3 SSS 9 

4_^.jjJi ^ ua i Jl 'tc. *Ui ji3tj 4 jL100 C 4lwj.> Juc *U! f.1JJV 4 jLa 

♦ JLti? CjJlscj 

{jj* i, ttK a 4^oj^Ui 4_iiLLxH ^J1 ~ a £ J—>■ 4_LaI£JI jjJ ^4 31 

^LJl JS-iJIj . 120 C 3jl^_>. Juj£. *La jlitj Cr^! “30.0 C 1.00g 4jjj ^b>Jl 

. Ju_tL>J! ^Jj ^JjJLUJL 4-3LLJ! Ctti j. is> 1 LaJulC, I 4 Ac. ^_> 4. j 1 a a II jtjLUJI (j*-£ (2.17) 

<11 (j-* *y>- (jMjjiuij 

T(°Q 



ij^->u Ju3_j -30.0 C 4^.jj J-Lc JlJ->J! Two 4^-jj (j\jj (2.17) 

. 120.0 C 4jxjJ LUC. jL»u 


dJuv^l 4 _j1a-*JI 43liaJI jjlaJi ^Ji 4jj cJu^uj 4uLfl jLiJI LaJ u C. (4) 

J^-Jj LxjJu£. JULj . j-a_5C_a-ll] 4J>sl£LIl 3jij_>Jl LjJJl-C. (jy-Aj t 341 aLCJI 3jl^->Ji ^a .4i1 4 luCJl 

.jL^-uaj^-Ll 4_Loi£Ji LjjJuC. {^jL-uj jLAJtlill 4-LolSJt 3j!^->J!_^ J.a^buj 4jia 


(m) 


lSLy»ULjJti) ^ limit " hi b: 

. 0.0°C 4^jj ^) -30.0°C <>• ^5 juLkII 3jl43-jJ ( _, J3- i ll (jjO <jj>J 1 ,: ^ J* ; Af>^l 

^,1 jL2tIu_oLi 4^Luail 4J$LLaJl d^ x S t- /.imTcj /)} LufC 4 i * 2090 J/kg* C ( jr & J-il '*- 1J 4_l£.jJ_!| (ji Cu> 

. (4.17) 4 J 

Q = m- c- A T = (1.00 x 10 5 kg) (2090J/kg-°C) (30.0°C) = 62.7 J 

0 jufc Julc pLUj JLxl>Jl u a n *-uhju j-a-us Jl_jJL>JI 4_>*jJ LoJulC. : B 

!j j ^ 4-<aJ)^U1 ^JsLLJl . 4 Jl£ Ju4>4l 4^LLa 4_sl_J^>j ^lc 

: 4jr A (17.6) 4JjLl^» 0 C 4->-j-5 ju-c. jl 4>J 1 
e = mL / =(1.00 x 10‘ 3 kg) (3.33 x 10 5 J/kg) = 333 J 

^ 1 j <4i 11 62.7 J + 333J = 396J <2sLia ^ ^ ^j LilJu_sj <jjl 

•c^W” 

£-3j JjLLhu *UU 4-31 JhU 4 J 5 LL 2 J1 & j-i-JLj £*JlscjV 100 C 0 C 4^jJ ( j- 4 C 
: 100 C jjyj] 0 C 7_y3 pUi £4 J^j (^3 4_<sj^UI 4J5LLJ! 4.^ix^ 

(2 = m a) c w AT = (1.00 x 10 ' 3 kg)(4.19 x 10 3 J/kg-°C)(100°C) =419 J 

JulC. JJ-LiJI *UI LaJuUl J-=^T (Sjjb J-. OJl^J 100 C Sjl^>. 4_rs.jJ J-Lc. : D 
4aal>. JIaj B *^_>JI *Lllj Juii^Ji L$_£j . 4_>.jJl ^j-oAj JLlC. ^jLijl jjixJl 100 C 

4_^UaJ|j jLit-j *LU jj^ (_yIL>. 4 ^LId 4-5Lu^j 100 C 4x>.j_i jJLc. jl V JIj ^Lll 

100.0 C >u£. (^4! dy 5 l»oog tjr^4 4_^j^Ul 

Q = mL v = (1.00 X 10 - 3 kg)(2.26 x 10 6 J/kg) = 2.26 X 10 3 J 

4^Uail (jLa liiljjj (Sjjb liiJirtj V C ,A ujs 1-4^ (335 tJL* : E 

100.0 C qj s jlitJI j-AP <U33M-5! 4SLLall .jUe_xl! 2j!^>. 4^>-jj 1 5^1 i>>I,l 

120.0°C 

Q = m s c s AT=(l.OO X 10- 3 kg)(2.01 x 10 3 j/kg- , c)(20°C)= 40.2J 

Jl —30.0 C 3jj^_2w JLlC JLlL>J I ^j_xs L^HsLu^l c-^rvljil 4^LLJI jj I J^>o j3_u_u Los 

^yi^J 3.11 X I0 3 j (^y-L^-LaJJ 4 -u_u-q_5kJI Vi {_y& gjtull 120.0 C JlIc. jlitA 

4_!l^Uo n ^jl -30 C JLal>. 120 C 4_^.jJ jdn *LU jlitJ {jA Loij^>- (j^3 

.3.11 x 10 3 J jlj ^3 



ISL mL'u JJlj ISLuiSLXl - JjVtfjjfcll) tLijjud\ 


j-utUt ^LtSLulSLut 


I' jl 4 ^Lus| JlI^. djLu^j»JI 3jlc.j (jj/Lui! jj«~ili 4 jSLuISLus t gist I (jl i i t'Sa_' 

(J ajLSKuA Cjljj j^y> SjjSLa (jjSj l JSLji ( _ 7 l£. jljJLI aUL>- La ajLa £y> aLsliaJI 

<>a JZ ^1 SjL^VU f f Lc £lk JUS-d yJb Cj Llj^>Ji ^ il^ XS\ A (jl VI CiUbj-^w 

JjL^Ji JjXaJl t\A j.\ JuJ \ 4JU Vjf JlJwLLuu ^Cjl!uj_>w 3jJAO ^3 3jUfcILo J_UC- CjIj 3 (j- 4 4j$^XI j--uaL<Jul a 

. ^jUJI jjaii Jt 


jliJl olujjjw (j\_J 3 .}j_>.jXI J-3JI jj 5>I 1 ^ n) j i^ua-au ^j-A 4_>jl Tua (JaLcali ijr B CjiXjjj>Ji 

cilij Ljt^ St^L^JI <_£j3i JlU^xx jJjLtxJI ^Lc J Ju {_yQ JuV (j^aj * ^J^Li^XI 

^3-J (jy^X J^Uoii 4laLuat c_ocJ J^lll 4-iliSXI 3j_jw^j 4^UcnJi 4 ,j■<;? ijr &> j-JtjJiil 4-lal?XI 3jlj-r>XI j .oLLjj->-J I 

.cAL)j>JI (ju jJLussAjVII Ju4> 


4j jujJI 4 -ju-u 3.}Ljj Cr^i (-£^3^ 4-SlXaJ! 4j3Ljuaj jj^aJo £)( 41 ^Li-oa-^U 4_uAoiilj (JaILj 

4_xLuaJi oU! 4>a.j_} JUC. . 3j!j_a*J! <L>»j.i CjjlJujI LaXfT L^j jljaV) £-Jaj <Jjuv ^liLu^-SeX] 

2£j^>JIj CjlXjj-aell ^L*-uJtj Cjlli>>Ji (jLJ XajijjJi j,*.o£J jJLoJLj 3j.ua*? 4_j ju jdl 4 juia 7 ^-ti^xl 

0y3 ^yA iXajtjjJj lIUj 3jJi (jl Vj ( j^xjljJ! I g ) j_>3 4Xao3j-xs , 3 JluJljw j_3!j^o 

JtajljjJI jJjjatHl 4Jb$Jt 3jjwjJ 4 jjIIoX! 4^1LJ! ji^aj^U 4j^oL£JI 3jlj^>Jl ♦L r tluaJi jjlaJ! ^3 JculjjJI 
.4i3Ltoii 4JUJI CulXjj^Ji clUj i yu Xajljj JuoUJi ^u-uu>J! iJ7 3 Cjljjjj>Ji ^jO 


3jIj«=kJI j-u-^l jjiiLo LJU L 4 3^U j.j. -K .>r<U 4j_>alSX! 3jij^>Ji (2.17) ( j-° Xau>.^Lj LS 

jjiail oLXjj_>JI Q\j 4^ Lao- 1) t ]n t uy~us j| jLl-a^VI (jy 3 Ujui-t (3i ^-3j jla )JlAj . jl ^ ts*t >^LJ 4jLolijj 
Jj-itaJI 4JL>- .^JjLauJIj 4-oluaJI (jJjjXaJi (jy 3 oIXjja>J! 3jja-jii ciii3 ^yA jui£X j-u^l ^jLiil 

Jcuijj CjL1jja>JI ^Xi^aJl ^LaoJwVI XojIjj ^ya JcijijjJt JjL.J| jjiaJl ^Jj t-iLuaJi jjXaJ) 

cLjIjjJ! ^U-aiTi ^jLiJt jjLJi JjLiaJI jjlaJt {J^Q j-uJLjJ! 4jL>. ^3 . X3< 3 y3 ^jjtj-AuJ! 

^jf (j-o-6 <<£ l ijj irt* it 4Xa_uj-x jjjC. jLiJI CjlXjj-L>- 4_j_3 (jj £3 Jla-jJJ jJJjLaJ! (j\j 

.JaL ju L^-Ljjcltl ^jMJl jJuoli ^j>a j^l 3-jLU ^yA La 4_L£ j. iV.l~J 4^lXaJi j-a jj^ ^jJL 



cr^l Ly* Wj3 jj 2.17 JS-Jj ^ ^Lf-uJ! ^-ujJ) E, C, A 

.L- . t -u jUj 1 \jJt tXLo j-x?^?l 


f t SLt uLu . iU j/VI S >|jjti 1 tjAa jjUiJ) J^aill v'■ S 

-:JjLmoJI Jk lie OUaa>UoJI q 

iSj> 2 *jjjJL£ll JOiLuA 

:4_JlHJ! T> Lilli jl tic.VI iuA Ajjao- 3 CijL>.j Lit 

4_lC.^ 1I1 iji ^—*AS 4u±jl& eloo,XV1 tv\ i jj ^ 4 ^ 4 2u\ Iru* (jl u <i*ej ^ub all CjI Jljvj # 

»^^xfaaLuJlj 5ji^j>Ji oLwjjtj oUlj^>Jb 4 iiSJi <j{ ^ys j^i 3 Cal/g- C 

^i.x Vb<ilj .J<a-i3 1^/4 ds ^^oli oLda-*_L! Q —TtlC AT 4J_>L*JUj ^Ib 4^HaJi • 

cbia ^j^Io ^_Ju dij isKJt La jlIt. Q — wiTy , Q —YfiTj 4JjL*JI! 

2 C old = ~ Ghot dja^j U LJLc • 

<Lui ^Ul 3ji^>Jl 4j>.jj i_4jb AT (j! ^jQj ii^Ljtii 4aJL*uJi ijLAVl dLil {jj* j^Lj 

. d_uljGjVI Sjljd.Ji <UvjJ (_^<a3lj 



jUkuII oj*j 4.17 Jll4 

^y>.Ljvj pl_C.J frlii 200g mil 130 C 4 jj1^j>. ^jdl ^i tlf ^ .~. ^ ^Jb t^e 

.50.0'C ^|20.0T lOOg <c±£ 

SJsUaJI . 100 C (^1 jLic_jJI Jj-£ (.yJjVi 2_L>-jJ.l SJaLIaJ! , 1 a at jLse_J! 

Qj= m s c s AT= m s (2.01 x 10 3 J/kg-°C) (-30.0°C) t .$«L«3 *-iU«ll« 1 a ^ Slsmi 

=-m s (6.03 x 10 4 J/kg) 

4l_j^j>JU jlicjJ! <il£" ITlj Ci;L~>-. 

JLieJLuu 4_jlx-*J! tf JUh Sid ~<Uf SJsLLaJi <—ii i,n.->J. f\-a ji.3r. Ji (Jj ,cr.~_i :4_LiUi]| ^JLs-jJU 

jlirjli (j -a j^iej SSUaJ! (jt <JjS elluJI ajLiyi Q——mL x} Sja^LtJi 

e 2 = -m s (2.26xl0 6 J/kg) 

j.i * ill I JlAj 50.0 C 4jj 1^_>- cl3 jU^ii c £j£l ,m *<U]LUI 4l>.jJli (j£ 

L2ub ialln.li <JL3a_i! ^Ji 

Q 3 = m s c u AT = m s (4.19 x 10 3 J/kg-°C) (-50.0*0 
=-m s (2.09 x 10 5 J/kg) 

^jVI ,^juz L5C-1 dj^Lai! ol^Utll jlicoil Sj-A 4liHii 4^1U!1 _ibcjL 



(^t^t lSLul£4t- *b^urfl 


Qhot -01 + Ql + 03 

= -m s (6.03 x 10 4 J/kg + 2.26 x 10 6 J/kg + 2.09 x 10 5 J/kg) 

= -m s (2.53 x 10 6 J/kg) 

(17.4) JUoUi! ^1 jLStluujb *UJ 4j^*u (jVi 

<2 cold = (0.200 kg) (4.19 X 10 3 J/kg-’C) (30.0°C) 

+ (0.100 kg) (837J/kg-°C) (30.0°C) = 2.77 x 10 4 J 

m s 4_lj^>JU jlitjJ! 4l2> _)L^J! 1.17 4 JjUII ^1.kid< <iL> 

Qcold — 'Qhot 

2.77 x 10 4 J = -l-m s (2.53 x ! 0 ( 'j/kg)] 
m s = 1.09 x 10 -2 kg = 10.9 g 

5.17 JO« 


5 'j-jjt-ua 4_! aTiL! 4LL*L£J| 4.2k isi\ ljL>. 4 .t in d.-y.'i a 4jl_iic 4_>.j.i (JjLajJ! 1 

{jL-7r—<-u ^4 ^ 4_i ^Jl f^yn 4,caL 3—ul 131 jj .2.09X 1 0 4 J/kg 

.jJjLaJI Tyl 1.00kg JLA< <tj 03^11 {_yA 10.OW JjLJtXJ 4 o3 { jmJ.4*.A 


j. l 3 Jt iJ l^j 42LL> ju}b3 L,^ — 2.09x10 4 J/kg <^JLoLSUt 3j!^>JI oi 

4__aL-jJoV ^)}Ui ^jj! . 10 W= lO.OJ/s jjl <tii ^ L_>a 1 j—>.^ 1 a -5> a-a! 

ja 4ilkl! {y 2.09x10 4 J/kg 


t = 


2.09 X 10 4 J 
10.0 J/s 


= 2.09 X 10 3 s - 


35 min 


. 10W 4jjJl 3 100. C 4>.jJ j Sc. ,m ( y >j 1.0 kg ju^ui bjjt Ijj S 

S 4-u^JI <?Juk j-iit-u J^JLlAAiJ ^yC 

62.8 h 2bU>YI 


ISLyjUu ujLJ^c {JJuuli \4 Jl7 

WORK AND HEAT IN THERMODYNAMIC PROCESSES 


ol a 1 In. ll I 4JU cJla-ojj 4 I l£LyaUjjdJ 4_ujSLi-ujj^Li.l 4d>JL*Jj ^3 

4^oj^US 4-Uj)^ oij»aJuJ>! 4. xl-bi jJI 4^UaJjj 3j!^>J! 4d>-j_ij JcaJi-tiaJi 10.6 

/ya <U3 4 JL^vlj ^jSLztJ jLL J JlL>a u .) b*uToa ^LLa-lJ. IjuA 4 *-l do JL»Hju ^Usu C-3-ua^! 

4-u^C i 4JUJI 4laj^^L<3 4^U1! j^o^t O^J *~ iA (jr^I 










_L 

T 


JJl u P t Ut * >> ole 4j!jJo_^i Jiwij jL_4 3.17 <JSu2f 
V >JI 1 !r> iH JJ-4JJ cliyseJLo jjaio^a ^Lt-Ji 

V+dV ^] 


4JU* ^.LUlll La Jll£, JaJib 1 _AJjJu>o 

f-Lc-j Jib jLL <JLv Ur jLs .(Jib jj' 

J£ l)I cj-L-I-c!! c£_>b—uLp^! o'^ 1 ~ 

iU.L<^i ii (jjiij jLic. jLiJI alj_J «J_»- 
1 ^Jf C.M a 4 jI jLiiii! Jib IjLc. . 3jJ>JI 
5JLa. Jz (3.17) J£^ ol j-s r ,.~i-* piston u ,Ja 

1 ]n « i>i CjJl—xj^ V 1_a ■»- ~v jL-iJt J i i~i i , u^l 

(Jaj 3 ’»JL ...VI jlj—>- ^ 1 c. P ejj, _ £ 1_ 4 loll La 


A (jjitdl 3 a 4_»-l_di^o duLjS tjl_3 .u I. i& 11 

F L yjt> (j u i S U.1 JL. jLiJI Jjj iJJl 3yJ! oj&£ 
4_2jJa_i _}Ju«j JuS jl_»J! (jl (Jsj-Xb-1 .— PA 

,j? (^ju (jufcj quasi Statically 4 A nit. A 4_y, 


^-A _uJ C<J .TCJ JUJ_ uu J t-» i I |<u3 JJ_4-ii! 4 , J.4 c. 

<> olp' (J J^“4 U* j»UajU 

JLtl ,JI 0 ... <11 olj_^ l_a bL_a .cLSjVl 


jL»J1 4jjjj ijjJl J» All (jLs dy Lajjls 


dW = F dy - PA dy _ja a «, <U (Ja 


La£ jLiJI 4laajil^j JjjljJLI jJjuiJI (jx. j-i «i (j! li;£4j i dV jLiJI <jr^ <bLjJI A dy (ji L«j 


: <jb 


dW = PdV 


(7.17) 



bi Lai 1 i ^ aa jLiJI 4jjUu (_£jJI 3♦ .".tt (jjb J (j>aj 4 . ^ a dV 4 _«_ , _ 4 {3^3 jLiJI 4 1 a"n La.JuC. 
^yuu ^j3£jvJ! { j r ^\a ij . L3L uill 03 ^ 0^3 < ^dL_u dV 4jUJ! 

. ^jL>Jl'*^yo jLiJI (jric. 

JjLJu SjslwO j[ 1 l.'vVI Coo a I L-> 11 1 ^jl j_iZt—X 'ut-u L^JjLlUj-u ^yoJI 4 jjIj-_>J I iSLyaLiJ JlJI Cjljj^4-i ^3 

thermodynamic Luj i ^LLsjJI jj^-t-uu oLu^-c-TJl jujl*JI ^3 .daaI Jo_uujJi 4_bLLi]I 

. 4-lLud {j a 1 ri~i oLu^-^j ^1 lLUjl£ i^>j *"*' i * “ i^Lcj jLc SjLlc- system 

(jy-B liLuliLJ k l ^cJjC ^L^r> A < a (jL^ <jjl^_>J 1 Ki.aU.jJI ^aIc (jl C^Ju 4 a j-.a.3v. ^1 i am. i (jl 
SjL^. ^3jsu 4_jjijodi KuaLujJI ^a-U> (_ r 5 c^rw ^11 JjulJI ^jl 4 rt jrt ^*JI ^JJb . I AJ ^ j -Ul 
^^jjLooJI 4^_uijJ J ' l C- 4JL>Jl (jKc . ^LUJI ^JjLXJ J^jji jjiUtJi QUU^*1K Jl 4_Lx*_tf!^J jjjuj 



- Jjvt*b^urfi 



♦ h xJl £jL>- <^1 4-^UaJI JLoxjI (_^-xju <■ ^ji.1 4jjI^>J1 1£j aLu JlJI ,£pj • l^-ul^ - ull 

.4_ijl^>d! L£La*LLjJl1I ^2 4^5 UJ! CjUJUIi ujS efilli (jy c. J^aa i 

1 .17 4jjLdl J-cl£ju O^i. Vf V* ^ j t~tj L>oJLa£. jLill 4ix^at^J ^JjJu±it (J» 

W = $PdV ( 8 . 17 ) 

JuV Jj JaJLuaU 4-uL^lJlj 4_ul JLu^l £j*~ ^ j *»tl <^,a 4 Li^JU ^jf ^aCiV |jLA c-a ijy £d 

P ^aJui 4JIJ LLjjJ O^ '^! <-dJls 4_3^jua <uj . 4 .Age ^Lljf 4_Iaj>J JuLc tiajuiaJ! 4,-a4 j9^-j*~4 

.^£^>•1 4uJLq-C. ^1 (jV! ^Lii^Lo ^jJl JJuqltJl £ 1^x u 4 j 1 a C. (_£^ 4_>sLa 4JLaJLJl £jUb^ V ^cr—^.U 4 a,i.<,ulL> 

Thermodynamic Var- 4 _^Ll Vuj i cjI^ a > aII ^Lu ! ^-^cj 4i>»L£ aJsjj 4 >1 <i r. ^1 
L^xaijju (jy-il! jji-ftJdi 4jU . 4 _uL$jJ1j 4_uIjlIuV1 ^puJL^Jl ^ Halil 4 JLx <_)£ jlIc iables 

^ jr £ J-^ i ^ ^ PV ^^yJbeJL 11 puMjJ (jjQ ‘Ha^J Jj$ Ale. V, P ij\J 4^}UJi ^ujjj- 1 (ji lU^LqJ (jVI 

^Cu fU (jr^J (8.17) 4J^Ljc_« (jr 5 JxK "11 4—q a .4 ^ U ju ^yjjeJLlI tj-& JjLxjj} >d»l 4—>.1.4.*J,lj (4.17) 

. i 4—lL<~uAX 


4->-Luiil 4 ^jjL^J 4iL>* ^y)i <LjJlJLL sI 4JL>* £yj* ^JL^UI 4 j 1 O r jUtJj 4j JUj (JJuldi 0^1 

• PV ^ylc CiVL>iif jjru Ul iJ.V) 

JJ^ C Jl 4.^,1 4 r. ^£1 (Jju-uJI ^1 4.17 Jill. ^)-a ^.ctfuJ 

^jJi jUJ.1 ^k. j^Oju f 4^Uiii 4JUJI ^jj i 4^i jSu^\ 4iUJi 
(jyLi jL-cui.1 (j| o-i->». (y-diL^Jl (j-u ^oLuaSLLuu 
O^jf 4. ^ l xaLbj^xaj-olI 4 __lL<i_jlI! <?, X-^J cJu-oj j_A PK ^ jr JbtI>a 

BJl£L ^pa^ILal i4^aL^J! 4-tauuJl 0Jub ItlxII 

4-5c— 4__tL«^jiJi .(5.17) ^C-iio f 4JLj>JLj iiil—>J! ^uoi 
£-A pj ^Jj P’ ^w<3 ji-JtJI JaJfc_U3 VjI (5.17)a J^-ui 

Vf^lVi 4_jJLiJI jUJI JJuC-5 ^<u V■ ^ac—C jLjJ 

jLoll (jub (JjJujJLi JJt-cuJl jl, X 7ia .P f JcaJuuaJI CjLu 
iJ7 h . Pj(V j — V^) ^jl__<_aj jJlfriU 4_>.Li^_4 

^ Pi ojIj <Ja< ^ jj£. V|: ^i V* jhj*-h j>.x. .4. xj 5.17b 

P-(V^-Vj) jJb jLud,l ljui> J^L>. JjJui .1 • will . Vjr ^?cj>JI CjLjJ j_xj P|- ^Jl daJLuail a x. h 

V, P j-LA-u 5.17c 4,^.4_iL^jl1] 4 1 ,,, ill» i^_L>.t^ .5.17a ^JSL^ua^JLi i.u 11 /jk° 

/ 

(_y3 U (jlj 41-1 lajLa 4._i4 (J« i~iti jt JuSjj 4_4j 2 (jjSu 3JL>J! tfluk C jLtuil (J_jis Lr^- 4>-a 



^\ i 4JL_>JI yA (^I-uj) 4 j$Lul jl iA 
yun 4k^!^ JiAJi. f 4JU1I 


• PV' / 


i 4j>-li.tt 11 




ISLp L L jJll jJjVi UiJ Sjt^fcJ 1: jJlkC. ^jloJI 




4jjtjLjjVI 4JL»JI J .a ~ ».1 Lo ^Uaj <LLujit^J (Jjj-Jll (_)■« <~J1 (jl J Lj»o mil jl a «!l 


• £/Cl!L>J1 tilij i^u j»UaiII tfjusLjf (_£jJI jl i n U 3JL»Jl_J 



JjM ,..H Ji A lt (5.17) J SLu 

jj a *i<j \ —a J 1 c. \Ul Ain j-u\ y 
4JL_>Jl ^J1 4_^!j^V! 

UaS^Iu 4jl_3 4_j_ji_4l!! 
* . ^ruJL>J! 


4, tl4_*_ 


C. i— Jajf J —4 H-Jt 3 Q djlj,—>JL$ — fljyJ ^Lia_i jf ^yl\ 4lrt ~u 11 4__iiliaJJ 


( 6 . 17 ) 4 ft 4 -U 4 JUJI Jl_>» dJJli ^x. 4 _^UaJi eiLij L^ala-cul^i olibl 4 

3UU 4iU ijr^ 3^ 4^-^Ji pistOH qjs.lLa 1 ic. Cxolll 1 ^ 4.gfajuo^U 4 j 1 jla<.uVI <^5 

> In i {j£- jUJ) 6 . 17 a. 4 ^kj_Sj Jajulajlj (^IjLbVi ^ 3 c->Jl J 

energy reservoir 4iLkI! ^o/u^ ^ ^j\^ ^ *^p» 4jl^^Vl £& jJ*. Ij^U Ja-^JU 

3 ^-a Jj J L >w 4 jl uLd -4 uij >U 1 J-^v j~itJ 4311^11 juUX<J ^ 3 ^ J < * J ^ ltn /14 4 §Liall 

(J^Lc. 5 JLC, L-U- 4.1 JUjVI 4 _J*_U 3 J Jk 't,C ^yuJlSLlI (JIaJ . 4 ^ 33 *^ 4 _>.J J ^j -4 ^ X juV 4 ju 4 LO^-ULi 4 fiLiaJI 
. 4 jlju 3 J ^Ji JL) Jl^L /y b>-i i (j.ti.X 11 £_ 4 j^j i ylai^ 4 ipll S^SJi 3 JlIt. . ^l!La J>_Jl_i 


^ JJt ^jL-4a]i 4-j.l^C. M JjpJ jliii cr^l Oi * * Hf *" 

Ca ftll jliJi (^yJJ 43LLJ! < u a i j r a 3j|j_>J! 4 U i 4-^Lla]| J-^jjlj . V^ jLiJI 

(6.17b) tJ&jj Ul3 Vjx. LjjIj_>- (3^3"*^^ ^Ualll 4JU { jjujJ^lljj ,r ^i 4>J3 

.P^ 4-taJuIa j j ‘^U V|r ^_3t_>JI 3* ‘~‘J cr^*' ^jJI 4-C.j. iat 3^*"^ «a~J ^lAJLlI jJii 



Tj 3jlj—>- 4 —jjLc. 3 ft-^ (a) (6.17) JSui 

^_ r SLl ya 4^1L 1.4 'iiJ 

J J. a ~u yl- 4 - (b) *4_!blj 4_^j^ J u-C. 3^> 

^Luiii! *Jc3l2 Jju 4a1XL4 <Lc.j~^u 







ISLaLuOJlj ISLuiSLqi - j/VUjaJQ 


43L-LoVLj SjLL jLiJi 4_dc. ijjj. x.a ^ a 4 jI C-t-p. i'll Ju-i jlii! fbL 4_!L>Jl <?JlA 

. jLiJl *U!vU 4Jj£^Jtil <jijJL>J! 3ji^_>Ji 4la*«l^j 43Uo jaiaxj <U( 


4_uL^iJtj 4 -oSjCuVI ^jli^jLafa-xs (6.17a) <J£bi< {jr ^ <^Jliii jUdJ 4 _u!jujV 1 -jLdL>JI 

cA2 ~t)\j fj.a& U M * a jLill ilL>JI 3lWa ^jjjl.u(jl VI (6.17b) <JSdi <^^3 

LU j ^j_aj • \j A is~> ^^L-oJ JjJlJU (JjulJlj . 43lla.ll JlZul 4_uLJI 4_1 L>J! ^^3 . jLi-11 ^1 /^Pa u 43lb 

4_jJiJLuVl <UL>J \ ijr lc t JL-aTi ju La3>^d£ j -L.d 1 JJl-uJI <Jd-a (3jf^x>dt 4 \ a 1 * t 1 43LLJI 3 * gJUaa<u 

jL-uJLl (jT ic. -S>aa«J 3jlj-^Jlj JidJI ^j-a <jl glLZLaU -^au-u La>a .^UojJi L^-Lu ^ILII Lj VL>J i J 


. da34 4_uL^lIij 4 _oj1 Juj^I (JjClLl 2-II1 4.bml^j La^a Yj 


ISL 44 II 4 JdJJjShu^jlSIi x 5,17 

THE FIRST LAW OF THERMODYNAMICS 

^1 Pa ll 4^1 _u15LlU 43LLaJl ^lill 1 _iLJI ^3 4 -oS^uISLj-II 43LPaJI dad>. (j^jt3 LtJjLtJ LaJuuC, 

43 II 0 JI (J? 3 Jl-) Lul 3Jl£Jd>.Vl jJlLu 4da3bc_a j—UL ^bb 4-JLv CLsLi La 10,(j 

43 LLJI Qyl3j 4 x3 1^-j.aLnjdj <JjVI (jjjLill . £-1^4-111 \jJt ^ .l.PaJ11 4jl>»ljJI 

(j_4 JuJ-jJi 03-*^ 3^3 «^-^L>»ljJi 4_3LLaJl ^3 jujJI jL-xJxX.Yt ^3 

. {jy 4<) < v <fJLJlj ^Lt-u^j^LA. I ^JL*J 1 (j\j Jj -^3 4-3Lw cjVL>J! 

^Laioil^j La-AI 4_j lLs-u-^J.! ^ j-oLuji^-4^3 ^Uoj (3v 43 LLJ! w 

(JaJLu^j! ji) 3^_3J1 4 -Li 3I] 4a< jj 4jvljj ^aialLSj (JjJljJLI jJJulJl 

.^UolII CjLLi^J! 4-ulj Axil obol ts\~t 11 bj3->o ^lll ] £js>.' y $\ 4_3jjJaJlj 

dilj^Ji-ailjb-JI ^,3 ^aJt3 CjJ— rtj ^5 ,^yz^ ^1 Pa ill 4 _lL>- 1 j31 4-3L-Lai 1 ^3 j a Ju OJ—1 

, La jLiJ ^aaaca>Jij 3jlja>Jl 4 _>-jJ 5J J^LLuait JlLo 4oJ^$Ltu/j^LU 

^i 4_ul JlJuI 4JU La LaLLu A! ^_y=>j i a > . 4 l.oS ^j-ux-ul dilj ^ 4 .3 ^*aj 

Jjl_u ^ILbJl ^L3 j Q LbjLx 3 a 3jlj-x>Ji 4 lr> 1 43LLU JLZul OJl>. Ji3a >Vi IjLA J^Lb . 4 -xjL^J 4JL>. 
<4! vv P { ."kJ i ^ da Ju^ai 1 4_a3 ^JL-La jLc 3jLo-C. ^LLuJJl \ JJt jjl W t Cu 

{JJLldlj 4ia_L^!^j ^UauJl ^yl\ Cxlalljl 43 LLaJ! (^V ^3^-oJ \ ( _ r A^ (C?"^0 4 _LcSdl C3 jL 1 j] Vyr, Pj 

J.s k JLt u t 4_ul_^_Llij 4_dtjLuVl CjVLw. CjljL-udl t. iiil.-xl Cxxaia 3 J3 ^IdaaJl 4Jju ^ jJi 

l ^-4^4 ^JL>d (Q-W) 4-ax^lll J\ j_ZUL 0^3 L^^->df (3v cjIjULU ->.1 4j^LxtlLa' L^jI 

4 a ^Jl 3 ^ a.4 iijj i jl i~tC VI jLadl Jl-LI d>3-^ l -b3^ ^1 Pa Ill 4_uL^lllj 4_u!jubVl 

Q- W La-^a-u jjt J~a>o jLxidl tjy-b. (jl-3 ^jdu W,Q t ad-t j 3 .^LPsail 4_aL > »l jdl 4_3idaJ 1 ^3 

43 1 Pall ^3 j. j. it-"ill . 4__tL>d Jill 4.3 i L1J j__aj > _d Ej n j.^-as^it 1-La, X .a- a <.*tt Lj jL-tali (-Ji3j-IuV 



ISL^Lujlll tjutfi (Jen riff 


(W7) 


^ Ale. j-j-»-j 31 {jS -41 AE| nt 4 jJJw1jJI 

A E lnt -Q - W (9.17) J/Vt ihl~ 

JjVl (j^jLall ^ ^ fgj (9.17) 4 JjL*_4J ^uL^3 CjI Jwjvj (J-u^j CiL y^J I £d L_otJj 

3^31 L« L3h <j! tuU,xieu < t^l £yi JujjuJl 4_Ij (jr <.ai.3j (jjjUs jjfcj . 4 jj 3_>JI LSLysl hj d] 

(jlJ 4 *s11d jJldJ Lft JJjC. 4 *w 3!l 4_jJLt_uJ 4£lL> ^UbJJl C-tuu’v j LaJuuC. Q (jl j-Aj 4 _jJlC. 

.^UaJit ^Ic. 3'*■ ‘1> EaJ> le. 4jJL t-aj J^j..>JU ^1-»■ Cu ^Uadll LaJu£. 4_j_>.j_d IT 

dQ 4-31 InJl (j-xs Zj.L*-ur> 4 j. ^ JULIul 4 _j_B 4_llLdw ^3 jJuuall ijr ^Liu_xs J-4 -aj ^Ua_i 1 ^ t 'r 

{j£. j-A-LJtlil t (jS-^ J ♦ jus1\ 4__x_<fcLu-d CiLtLft-tJI . dW (JJt-wJl t j r a \j - < .. ♦ .. uo IjJu3 JJuj 3jl^->Ji 4ja_t «|j_j 

:^Jb La£ 

<7£^ n j = <72 “ dW jlu^}\ 4_iji\_ii<5 <—till (Jj^fl 

4jslkil J-L-^^J1 £jJJi (ji Jdijj ( 4^LLJ1 ikd 'v CjV^Ljl-c qja 4j jLa_x 3 (jr A (J^Vi 0>iLdJl 4_taL*_4j 
33 "a 3 *^ 4_udL>JI oVL>Ji (j*xx} JjlXu Lui^ . Eint 4 _Jl > 4 jJI 4-sUoJl $ji L« ^U^_j (jr ^ j j ♦ lb ^ jJI 

4JL>»Ji £>Ju& ^3 .<■ In. t.u^l L ^3Liu V P *>i i d3y juA ^ ^ J->-LLtdU *(^^0 *1 (JlA I^.u4 

Jl^j fU ijr*J 1 j 3 i^> ^>1 lalll 4_!j_i_j ^jJl JjulJl jl J-3_A_a aLilmI 4_bUo1] J1_S3u! 

£^(1) = ^int(f) O^i AEi nt = 0 3^1 Q-W - 0 31 Uj ^( tulj 4^LLJI jl j_3^ 

dxjljjijLd_xi 3 j 3-*-^ E| n ^ n< u > cillj ^ 

^i cyclic Process 4^53 AuL-*j ^Ui ^J.1 ^LLb3 4JU. : Lulii 

1-jutuI 3^—i 4 jUljJI 4^1_kil j-dJLUll l .tiajt 4_ild>Jl -A . 4Jl_>J 1 i Jl3c. IJljj 4 j 14 r 

.dj^jdl ^Llkilt 4iJ lj JJLllJl ^jL_uj q\j JuV ^Jj 4^Li3iil 4i*LLJI 3^ <S\ I 

AZS‘nt~ 0 , 2 “ W 4-jjjjJl <uU*]| 

43II3J ^jL2t3j_iii! 3-4^3^ Lt3ul ♦ f/ 4-tLv.l jJI 4^1 Irilt ^Ji-a-l.<.«.!>i (5) 

^int tIhi \tu 4lUa_5 4 jl-vl jJI 4 -bIUH ^p/LiUlt V c_jLjJI Lu3 

. (J ^jjeTn-uJ JJi i_3SLIi £-a ijuA 4- t . Lv ljJt 4^UcaJI ^1^1 4JVjJi! 

J -TelJl i _ T i^ 3^*7^ 2uL- t .* iSj_3j 3ail {j-a (jl—^ —-ul £y_i -q_l ] li3—txiljj ^3 3*—(6) 

Jl^3 q\ JLjV Sjij—>- Cy- *-^>- Ljk/ ^1 4jj) n <U 4_BlIail ^jl -v AE-^ — 2 + 

4jLx 5) juV 4.17 j \ (J* ««U 3jj_st3 .^Ua_LU 4jl-v(jJI 4JalIoJI 

. 4_jJL_u 4^q^Lc. 4_i£j 9.17 4j_4jt^o ^j4>Uo ^Jk L»i£ 

:4_ol3 4hxXUu 4 _l^ dE [n{ Uit>) inexact differential 4_*l3 4oLxbU3 oL^_J rfW y/0 (7) 

^Jj |juk 3^->- 3^-*^ 33It ^jja jl^JLj dW,dQ L^j a j.i *t .(exact differential 

3^x5 4 jj 3^>J! L^LixLujJ! ^3 ^,.1. cTi a £S>.^ja 

Heat and Thermodynamics, M. W. Zemansky and R. H. Dittman New York. Me Graw Hill, 1981. 





(5.17) JSLlI/ (jr 5 4It4-11 CiU^Jl) Jrtji 4 1a£ 4jjjjJI 4o14Jl11 V, P (jrtJ^jl-uJl 

1^3 4j| QuJu <jl .(4_uL^_Lli <JL>JI /yC. <. JiilLgeJ 4_A i jCLiVi 4jl_>J| <jV 4_>-j~ h a CjLi.xcfc .jlaj 4,1^4 

(Ji-ij 4>ui ^jLi_aj J£ ^Usiill 4 X ^1 ul^j JjjlJU JX-CiJI 4 L^ ^ At 4jjjjJ 1 CiLtU-JI 

^ILilll 4la_uj \JjjuJU jJjL_jaJi (jli> tjj^ ' P> P ^yjL-xaJl (jyXi 4.1.1 4 .»!! JiLcj jL^JLl 


A^LLJS (J^Lu.j AH- , 4_tL>d jdl 42LLJ1 ^3 ^a*!i 11 jljL iiA Jl 


CiLiLaJuIt 

^UaJtll jl (j^o 4lZUil 


^int - Q 


^Ja.ill 4-i i-tiJJLi .^Ua.<U 4ui»-ijJi 4j3liaJI jljJHj 4_u>- yA Q 4^x5 (j^£j JljJLlC. 4jsLia ^xllauJl c-<-ua£l !jl 

Kinetic energy 4^J1 43 LL ^ s^Lyllj 4^UdjJI 43 ILJI Js SaLjJi dlb <jru isujj <j! trX«> 4jjUJ! 

.oljjjjstl] 

. yLL-A ^UajuJI Jju (j-SLIj tdal_tL» «.!i J^LJk 4 J 9 LLJJ JLILUjI cjjL^tj 1 jsI 4_j_>»lj i y^ 

^UaiJi 4j Ixj ^jJl JJLAi! 4jJLuail 4 4^311 4al>.i jJl ILsLLdl ^3 j. l*~i 1 \ (jjSL Ja. 1 If. 

%-jjtj^aJI LSLt. 4 U.jt.tlT JjVt j^jUa!) ^JLc o' a .4 kW] < ^6.17 

SOME APPLICATIONS OF THE FIRST LAW OF THERMODYAMICS 

Vj? fj_xj (jl t'gjjj-uall «U.l «■ -a ^Jaj l£i al Ij.ti! (JjVt (j^iLill jr.~i-i.ui (jl (Ja-3 

. Thermodynamic Process ^usLcaLu^joJI CiLU.TI t^ySJU LJaJjJuJ 

^Jl _oi 42LL1] Jl 3V>1 1 4 -L^ ^1 ^.U*!! ^ :adiabatic Process 4 -uLj^VI 4 .tU.«ll 

^ — 0 4_uLlJ^^ 1 4_JL<jJtj! jjl 4tni.«l^llr>ill 

jl ^6.17b J^Lcii L.4-^) Ja_i^>dl da_i-u^Jl ^j_c, ^.ILvJi Jj-^- 4 _jjL_ojjV1 4-XL4-*-!! 

Jl ulj .5jlj_>Jl 4 Xxi u 1 4 J 3 LL 3 II J 4 ILI 3 <— C^3j <jJLl4 4-£-j.. uij 4_iLa— *JI ^IjLj 

(jl Ju>o 4-uLujVl Cj Li I 4111 4jj 1^JI l^-psLbjii] JjVl (j^iLSJl 

A£ mt = ~ W (10.17) .LuUjjVt 4aLudl JjVl 6>>^i 

(j^il AjE-^j Ju J-ic. 4 _j^>-j 4 dul^ W (jl CU-u^j LuLujl jLiJl JJuu 1 jj 4_jj jL) 4_ar tllll oJu4> jya 

. LuLuJI tlit jLdi 3j Jj>» 4 j>-jJ »11^J 4j>-jJ (j^nX^ Ijj 4_JL-u 

CiljLiJI JwUu 4_iiLcjsM (j-flj .4^Ju^ll JLcjC.V l (jy 4 3 ^4 & 4,^4A1 1^1 4_jjLojJ^I CjI jl<t tllj 

/ 

. Jt>JJ <JT JolJLuajVI 1 Ju^jlli j<daj (_y3 CjljUtll SJLulj i(_^i-tjJI iiT (_yj3 <Ui>.LuJI Q69^ : 



lSa 4iljdll JjSfl I ijiltC. ^jLuJI 

adiabatic free expansion jJU ^LujI jju* 3 (6.17b) JSLA ^ 




4 A 4*11 


£\j- 4-A {j^ -IJuCu jLiii jjl (Sj-wj . bj |^>. ^33 L^jV 4_ui_LJ3i 4 _lLjjl!1_3 .3Ju^_3 4_!L>. 

jl jLiJI Cr^- (J* ■'■“ (JwC_jJ^Lb ^3 (j-AJ (6.17a) (J£-c3 ( _ r 3 ^ua^-a l 4 *C (j n J. ^ a V J & 4 

^jl^J AE jnt — 0 jl, i 3 * uiiijuj j, h 1 ^jL_t_uj W, ^ dy 3 4_iLi_*jl <? j_& jl. jluJI 4_U<J ^ 

^jji ■jK-ihia 1_4^ 4_lL^*J 1 

. (jlUj^L a la jLiJ 4 4_uL}Ljj'^i CjLUjlII 4_jjL^j(Jij 4_uljajVl 4^ljJi 4^LLiJi (jjj 


4 _lLua 1 I *juk ^ Isobaric Process 4 A**. Ly ^-un c*jLj daJt t h Coo ^ <^ 2*1 4 j.UjJ 1 

# 

43^L*JIj ^iaju jLiil 4_ljuJ ^jl!t Ij.3 /jIjjLuijV LjJIx, /J-*-*-“-ttJ 3 j1jj>J1 

W=P(V f - V-) (11.17) ^bj^l 

. 4_iLa-*JI ijllj ^5 Ojlill daJuJaJI jJk P 0 _p. 
d juk ^3 . Isovolumetric Process 3u^dja j^.j i *u_Ux, C:r «^aj Cutu ^UjlH 

4j t ^3n.<ai tlHJ J *~n (j V Ij-3-lo (_^jL_uJ 4_jS ^_ig>I^Jt ( y J c (JjJl-lI,! JjLtlJt 4.al*t ft 

W — 0 O-p- 43jb oLJujdl IJ7 S 

AZs-^ = Q (12.17) ^3e->Ji 43 jIj 4-lLoX. 

^Uriill (J-tiJ C-ulii ^<peuw uxi ^Uo^l 3jlj_>JI 4lo-Lg|^J 4,^1 i>JJ 4-^UaJI (jl jc-jusjj 4_^^t_*Jl £j 

,4J 4j\^-ijJi 4^1 In 11 

jl-idi (jyij 4^Lla ^ u (^J^-j - gu) 4 _xL ij Lt_piil lit (jr^ - 

4iaixo jUli 4pj3 j_43^3 ^3 ji Jpdj (j-A 3jij_>Jl 4 U ^ 4 i.1aJ1 J 

. jjy- h n igit ^rj L 4-0 4jLl1| 

jS. . Isothermal Process 4 4 ^uIj 3jt^ 4^^ Gu>o ^is 3 l jUaH 

j-LxS /^, 'iSc. 'i A ^C- ^J-to Tr-tiu jLiJ 4 ->*jl CjLA JuXl V P JaJuiaji 1 '14 m) 

4 ^jj Js 4 Jb ^ jUJJ Sui^ijJI 4 ^UaJi Isotherm hyperbolic Curve jut) 

I j<us> ^jLoJ 4_dLap jJj^ i oLU_*JI ^liil jLiil 4_iL>»ljJt 4 J 3 U 0 JI j-^iull jj . JtxaS SjljusJI 

A/?j nt — 0 4_JLopj3^^^ o L U fc ll (jyS 

(^jJt ^Luj Q 4lllfti] JL3lil ^1 <Lsl\-ajjjyj'$\ Ciijbfch 4ul ^jjjLaII {ja gg XXta.\a 

4la_ig/l^j ^LtaJtJl i^\ 3jl^u>dl 4 U < «t^j ^LtaiiJ 4^Uo ^tj Q = W jj! L^t 4 j 

. 4gli-i jjj A^lIaJl ^ 3jLj i^\ CjJu>oV cdJjuj 



(4U>t>5fcJl ISLyaLuJJij ISLulSL^t - 



1 llcj 4JL^ J£J 0 ji - j+ oLs)Lu J^jl^JI Ijafc fjja &J. a o>Li3l diLjL_>Jt ^L_a! 

• f UsuJ» 


A E 

W 

Q 

j»Ua_ill 

aii_aji 



! 

^Liili (^3 

4owljJ jtloV jc_dJ (a) 

1 


1 

1 

*iU! ^ fU 

cL>.jj J iC f.Lj] (b) 


! 



ijjilj 4x.^<-aJ i— iju-uAJ (c) 



Isothermal Expansion of Ideal Gas ^luii jUU .a JUliH 

L^LuLi—<-ui 4__L_ii/ 4J ^c-i-uj LJULa tjLc. 

^3 jJb Uf> 4 _>-j J CjLjj £_>a ( JgJi 2 j u ijr Lju) 

Julj *\n 3 BjLjuC. (^'tcr lUj (7. 17) (JS^i P. V 
jliil ajUJI 4 JjsU_^j (B23 4j^bu> B j^cla jJtu!) hyperbola 
( _ r A ^yl or III \jutt> 4jjLou>» <jl (V\-U 4 -ojIj T {j>$£jL-a J~1c, ^LjJ.1 
LoJ 1 jL-iJi PV ~ constant 

i Jail cL^LLiii j_4 JLjLtajI ^3 jLiJI 

(6.17a). (jy3 jtJoys ^_a L<^ 

JJ^Oli 4. jl * c. jUJI JjJuJU ^Jt <_iLuua>J 

i^laj 4a! V! .8.17 4_hL*_U f 4iL>Jl ^yJl i 4JL>J! < j- 4 

jLJtl t _- r ic. 4.Laaj PV — tlRT 4_3^l_*J! U 4o£_pllL*-ut 4 _j_2u 4j.l^ *tlj LJULa jUlII 

w - fjPdv ^C’ — tv 

JV. JV L 1 / 


jj_*_iu pv c ,jL*at (7.17) jsa 

4 JI—>Jt (j>i —« j \—%J ( _ ;y Jl— A j-*3jr*^ 

^yirt-iXij 4_ul 4 JLj>JI 4_aj|jL_ajVt 

Jatj £-1x9 5jLm 


jjy Lc. Jooa-rtJj P, ft £-4 jJ-xat^oJl 


f <j\ 1 ;X a]L>Jl *jua> lt* T - constant <j? 

4JU1I 4jjUl 

W = nRTJy’ ~ = nRT In v\ V j 

<LjjljLjj^n (j-UxOJi Jiic J^atSUI Jl»-Uj ./( dxlx ) = lnx 4-aL*JI 4 JjL»JLI j., 1 V~ 1 n~ JalSU! |0 jfli 

t 

taJjUli (JosaatJ 4-al^jJlj 









ISLl 4 HjlXU JjVt i tjjjtf. yLatt 


ji— C. 4 ]n t JjJ_xli J-*—iloJ! 

4o)La^3j^ji 4 jUr iJ7 3 


(VA 

w = «/?rinM- 

UJ 


(13.17) 


IjLA d c (^LiLa jLc dJjljj (_£jJI Ji.i~i 11 <UjL*-« ( _ r 4 (13.17) SJjLjljO 

Vy> V- d,> ^ ~i_i jLiil (j! Cj.t o (7.17) (j£ PV u <•>ia i.~i ~^-i dl'tntl 4_>-l ..ill a l mj IV JjLoJI 

(_^jj| A * < ~ i 1 1j V '/< Vj jnjTu*. jLiJl ilnt ‘■n lil jJsjJu ■ 4..i jLiJI dJj-xJ (_$jj! (JJujJI d-« j ‘’I J 

. LlIL-u jlill dJjuL) 



— jl iii < (8.17) (JSLiIi ^jjs oljLuill d.» j jto i_a-usjl 



6.17 Jll* 


ajjL^ (jja 0 C 4_»-j.s ,iic 1.0 Iliol I Ajl. i * a j^LiL/s jLc. Cy* d,i.i c. 


S-iJuill 4 JaC ^2 jlill 4jjj ^jJI Jt ilill jljJLuLa (a) 10.0L 3.0L 


^5?! (_ylc. Jiim 13.17 4 JjIjlxi 


(va 

W = nRT In - 1 

UJ 

W = (1.0 mol) (8.31 J/mol • K) (273 K) In 
= 2.7 x 10 3 J 



UuJI cJJt lLxjj>JL l < U i I {jA hill 4 U i 41 al111 A-SLLaJi j Li Ii d a L» (b) 


ISUUjUIj ISL 0ISL4* - JjVUjaJl) *b^»N 

(jl jl>«j i.Sl(j-o i JatJl 

A£ int = Q - W 
0 = Q - W 
Q = W = 2.7 x 10 3 J 

. jliil ^-Uj JjuuJI ^IjlS.4 U>. <jjL> 3 ^j i 4 j1^c jliit jLi I3j (c) 

>cW* 

juX- >In• <>>11 q\ tlu>.j 11.17 ibUL j^-Luu CjIuLjjlII JjJLail JjLlJi 

4uI\!lU CjljUJi ^ JlVT< IuU tJSjju . 4j L mi , I <>J-A 

w = P(v ; - v;) = ^~(v f - v'.) 

V i 

(1.0 mol) (8.31 J/mol • K) (273 K) 

10.0 x 10“ 3 m 3 

x (3.0 x 10~ 3 m 3 - 10.0 x 10“ 3 m 3 ) 

= -1.6 x 10 3 J 

Lu^f duluJI jlJuLa 4uj!jubVi LLoJls^JL 3 Lut tLu*»V 

*4^\JLuajl jJb jLiJI jjV c-JL-uiL jLiJI 4j.lu (^jdl <JjLuJI 3jl^>Jl 


^Uttt < : 7.17JUU 

^ 3 cj>. (jL£ lipS. (1.013 X 10^P<l) ^>J! JaAuiaJi Jl 1 c. <Li 1 ^23 pli! (j - 4 l.Og jjlZc-u 

Vf=7 vap = 1.671 cm 3 jLst_JI ilU. =1-0 cm3 >* ^iSLUl 4JL>JI *UI 

(j\j 7 t rw l .^.LlaIll <L-lL > . 1 jJl 4j*Ual\ ^uJtuJi_j JJuouii 4uJL »C (J^JluJU (JjLuJI 

.4JL^io I Juju pl^Ji Ju jlituil j^uaj Jra.x>Jt.l pl^$Jij jLseuJl 

plj-^Ii j-BjJ ^Ua ill 4 JLxu3^j JjJuJLl (J*. u*ll .tLuuuaJi CjLju £ j * 3J. aIH <jl Cao.-x 

.(11.17) 4jjLuu jJt iJ uju 

W =P(V f -Vj) 

=(1.013 x 10 5 Pa) (1.671 x 10- 6 m 3 - 1.00 x lO^m 3 ) 


f LU j. jV ajJ 4jjHai,i 2 <OilLU ^Ikil 4 uB^ju £)1 l-Ocj 4_jJL>.|jJ| <L9lkil ^ujiui! ^yAuAui 

i »• 

(2)1 j^>u *Ui ^tu3l (6.17) 4jjLua ^ijJtLuulj 



Q = m L v = (1.00 x 1(T 3 kg) (2.26 x 10 6 J/kg) = 2 260J 

:4_lLw| jJI j. j*-~ 1! JjVi Q^jLU! ,^a 

A£ int = Q - W = 2 260J - 169J = 2.09 kJ 
%93 .Cijlj J-3 <11 4 _jLw1jJI 4-^LLaJl (jylc. (JJ3 A E 4 « j a t 4 _jux^JU SjLAVIj 

(Jaj-oJI ^-3 iJlt-4 JL?tIL_ul %7 JLxiSj £UJJ 4 -lL>» 1 jJl 4^LkJI 3 JjLj C< a Jt jrTu.iiI JLS ^LLxiiJ 4iS4jJi A^LLxIi 

.-JJui jJSLiIi ,_ r Lc. ^UaJJl (j-d 4^Uo l^ji (jri£. jlitJi 4jju ^jJl 


4 ) 8.17 Jll. 

20 C ^ya 4jj!^jw 4j>»j_} 0_*JL3ji ljp5 JajLoiaJI C<.~>. > 1.0 kg 4jjj u^q isi°) {jSK-lm 

' . douj>JLl 1 <_ r Lc (^-uLseqJI t-Aaxga^ <U ju ^jJ! ^Liijr jL* 3 a La (a) 50 C 

'lW* 

(11.17) 4ljLt>a .!■ i*>-~ ■ ..l_i (_<_u^irt1i 4j Ixj jJI 7» Mill i iiSvSjjLjj^jf 4 - iU«!I (jV IjJqj 

w -P(V f -vp 

JJu»all (J^Lm .U . „j~ a ^|, tTr~u dU (6.17) 4J.}1 jl 4 (jjo (jjdjtli! ^xj>- j-tiUJI uL«> LiJiSLqj 
(_yjVl (_yl c. (3= 3a (jf jLp£.^/l t^s jL».Vt ^oj (2.17) (jjj 

AV = pVjAr 

= [5.1 x lO-SfC)- 1 ] (50°C - 20°C) Vj = 1.5 x 10- 3 Vj 
(jil 8.92 xlO 3 kg/m 3 <_$j L *>3j ^Utill ^Utj (15.1) m/p ^jLujj Vj 


AV = (1.5 x 10~ 3 ) 


1.0 kg 


8.92 x 10 3 kg/m 3 


= 1.7 x 10“ 7 m 3 


i^gj LnZj Jjjuii 

W = PAV = (1.013 x 10 5 N/m 2 ) (1.7 x 10- 7 m 3 ) = 1.7 x 10- 2 J - 

,3jlj^J! 4In< ol^J !/>•.■ 1 1j *—‘•Ltiji 4^ 1 1 a! 1 >XAA La (b) 

tcW< 

£j\ J>_>o 4.17 4JjL*_a Jl >~i <iiLj 1.17 jj^a 4^_c^jJI 4_-a-_j_3 Ju>.Lj 

l 4iru 4jj 2l 1 11 



(A-jjlj-aJI ISLyiL'u Jjtj LSLulSLd! - j/Vt sJjcJ 1) 


Q = mcAT = (1 .Okg) (387J/kg°C) (30.°C) = 1.2 x 10 4 J „ 

. ( joj1^c_lLI 43LLJ1 iJf Js SjljjJt ji jJLqLq (c) 

j^>o 4^I^JI l^oLuaJJ oi^LoJi L - * 3 J C^fc^ 

A E- mt = Q-W = 1.2 x 10 4 J - 1.7 x 10 _2 J = 1.2 x 10 4 J 

4_iiLLJI 3-iLjj (J7 3 Cu-Aj 4 L f juI^j O-JuLIul i uj Sj 4_bLL^J 1 (jt 

fU . 10 ^ ^uLr> jj>l1 S ^j>JI a r (^^3 ^J j l IL^ - u I 4_bL1^J! {jji > ^L-lLx \ jJI 

4lrwud^J JjJUlU (J juia U jJaLj-iaJ! jIjloJU (jp3 $! 4 11 < a! 1 ^L_u->»^U JJj-qJLlI ^JaL>«J -L l C . 

. L<J LJLc 1 lV< 11 

ENERGY TRANSFER MECHANISMS Jl^ul 3^ X M 7 _ 

fLu ^jJLdlj Ja_L>Jti uLxu-u^Jlj La aLL_! <Vu 4 J 3 LLJI JLHil JjLJua L7 Lc. <_Sj_jloj (j 1 jj-a 

4_jLw! jJ! <LsLLJI j-i .«j cjjjlj>- ^^L<u 43LLLI ^JLLUjV cj^Lj tjJLukj .^Jl a7i >Vt 1 jla L^j 

* ^iioii! 


Thermal Conduction 

. 2>ji^>Ji ^_j (3j>L!L L^Luj^i (3^j ^LLii ^JLZul 4_J^c. ! 

(jyj 4J^_tkJ1 4 J 9 LLJ jl I."t *N ^jjJI uull CT ic 4-3LLJ1 JLaJLil c rt ts->j ^_jSL<u 4 _ t 1 a . < J 1 oJufe ^3 

43l_Ldl CjL CjU_u_^>J 1 (j! C<_l»j . CiLj^Ji^LlVIj oljjJlj oLuj_>J! ^jLa 4aJ^ < Li.»j^fvj.o oi a jlau y 

i i.i <-3jiaj dS. i a. a] LjJ ijmi J, .u. U ^Ic. . 4 _bLL ol qa ».ujxj L^ajLuaJ C>^~ ^ > aVvl 

<3j ^^3 4*v i ^ L ^>3 4-^11 C^dj-Cj ^Jm-a 

^jlj^>JI 4x1 ^jylc c_S^JLiJi L.:Lxuj . i-li ^J] 43LLL1 JloI La 

jLJI {J ^ i ^j. i 's-i I? 11 l3jJo £uhjj fj\ (J-l3 .^JUlU 4_xj ^L-l^JjSLjX i CjI -a CjJL rt-J La ( jr Ll c3^. OlLi 

<_c^lll ^y^-t-u jlllt ^3 4 xj^dj ^JlsJCu 4-xjj)^ < L.^ Cil a-j < OjI^ 

CjI a.L< »->JL L^-ajU-oJ La-a L^Jjj lu J 41 < u 2)1 jjLj 4 uj <--c^JJi ^j_a 4_u^_aJl CjLo—u-u_j>J1 CjI Jl_l3 

. <> JuA ^JlLuoail 4.jlqr L^HbIIo * l^-xl] L$Lq 4_Uj_ii] I 

j-xLJLj Li-jfcjjju SjLjJI {J ^ L_i>pJa-Lli cj Ljj. itfx 1 ij olj jj j^L 4j jjj 4 < m juLL ^Li uj 

lIjL Ju jJl 41 i. >■ (JJ 3 SjLjJt <?J-Aj . 4_i (jj f tt q1 jJ! c,j-LVt i-3j_LLl ^y& 4_xj^j| oLu^->Jl \" <u 



4j;it tSLtaLUt-Ul <Jj*VI \ : jm*. C £i\jjJ\ 


( to ?) 




«_uJJ < AS^—a (3j-^ w >—^_tala ^uixJ 

*1 .oil 4_ij—jj| aj —>.j lA^ Jj—»- uVi tj—>JI 

(jLjli <jr^- Lt-o- d ^ixMiJl ^<3 i ii I ^_>»L_mjJ( 

<Li_vi—i_J 1 t_ ii jUVi jJjl-Hj 4__flliaJi 

<^i 


♦ Jy*-1<u jjyliJi 3 jLU . I g 3tj ^ji^l j,<^1 

3 jJ. y^iJi t a. i t j>V1 Jy3 4 *ta.4 ? ^jl Lt..A.gj ^Ll L x i A 

3jt_a J^L—L 4_l3—ULlI 4—^UaJt (jl ^_lx. Jju |j_Aj . 4jjyL 

. 4-LlI-S ^JM J)"x l ii i i 1 

Us! 3ji_t>. lIj1jA- 3JI t <LoLc- 4_oa-ca jj 

4 J 0 Jj jij^a (3j3-^_9 ^vLaJlj .u V t jJii-4 

. SjljLaiit 

(>u 4 J 9 I ,<.«U 3j :*• 11 I 4juJj dLj^ oijLiJi 

J J^X. I^J (jV 3j3jLxy ClijJxJI . Zj-J iA CjLL^JI 
j_tlalu_uj pj Jyaj <J>1.3J1 J}LL 4£^1 3 j^>- oLjyTA JV1 ^ya ^_l_lN 

.4jj^io CjL^LJL AaLLaJi jjai 1 

£yX. ^UJ jJlLa 3jL_LJ>Ji CJ^L-UD^X! 

oLj^ ~~A iyi 4^>x. tiDjuAj CjIjJlJI t_jlulu JjyL 


* 


, ^J-uojXI tXa-t-MjJl ^3 L?V 4_>.j.} Ur ^ <3j“^ JuX. iLi3 £ 

4y.yllj Tj 3jly>- 4_>-j.i Xlc. £^lit ^ ^ -wj Jl^ 5 .A 4<L^3 -a 4 jvLcu>3J Ax 4^ O »<> La 3jLa £ya 
Cj^u3 J^Li- 4l3 VJ.1 Q 4_3LLlH ^jI LtLa X J^>*3 .9.17 T 2 > Tj q\ C* 1 -ay T 2 3j!jxv 4_r>.jJ Juu 
£_4 (__tu_uLu_J 4-^LLiji uiL-^u QIAl jJjuuUj . JjloJi ^1\ (j^-LciJI ^laj-ttil {j-A At 4_i-L*J ^ 

Luj^ AT = T 2 -Tj aM 43.Llx**» 




Q ,A T 

— OC A- 


1 ujyutj 


At Ax 

&di!j & — Q/At 3 jI^j>J1 ^JLaJuI ^Jw.L»_a {jC. j i i 3* ^jLit 

dsL^-jJ dx j t 1 ^SLq-u-o At i _ r A (3 Cj!ju>-j LaJun 

i^Jloll J^^ 0^^ <-<3Sh jjl Ll.~A.aj idt 3jly>»5 

dT\ 




SP = Ml 


( 14 . 17 ) 


dx 

5j!^>JI jlj_=tjVI jIjl2^<j (dT/dx ) 1 SjLal! k <_< <»Liill c^jliij 

L djy ^ hua JjjJo ^ (jf d *>X .temperature gradient (4_sLudl £*> 3jlj^>Ji 4_>.jj j_^»>) 
Ju>*l (10.17) ni t 4 % J0r: La 4_5ti; _ ) \- < a • ■' 

£j}jj_cuja ^a Ljl^s. (JjualLo <_3jJajij Tj Sj!^j>- Ju£. <^Uai! Lj1jj>. (J tsiTi. a 4_31 ^ t > i 

steady state ^jl^ 21^1 4iU ^1 u^laaJI La jJx. . T 2 ^ T| (jt lLu3cj T 2 4_>-jj .t ** 















5_3LLJt J... ^ (10.17) 

L 4Jj_Ld —c ^ lr> 7u a <■ isn 2 

>xlc. » - u - a £-A jL^u-«!)La_tf 

. 4_ailtio3 CjL>.jJ 


(^U)j>gtlt iSLj^L u Jjfj lSujl£dt - j/Vl 



—*j A.v \*— 

4^Lui-o 7-ji (J^Uk 4^UoJ 1 (JLalbi (9.17) J £ut 

■lir. _i*■ fsl .*_ “11 Ax 4^_4—tuj A A «-lna_-a 

.T 2 » T J 


*aJI_} dxu.it.iJ K jj! D^ollr.l ijl AJUJi 4> J-A jjyS . ^ Jt 4u_sQ Aj^r ^Icl <1^-q > ^..i x^nl 

^jLuijj i—x-i-ua-aJt ,j^L> cr^- ^1 JL?eJu_ii . t^> 

\dT\ T 2 -T { 

I dx\ L 

< .j J>U. jJu-uD^jJLi 4^lkJ! 1 ai 31 jJjjmi JL>u iiiJ3 j^ya 


9? = ^ (15.17) 

L 

Lgl ^Jj-atJi 3 ju_>- LaJ-li ^J-i-uo^jJJ 4 aJlx. I4] i>jij_j*iJJ J_u-<^pJl S j . aI^II 

• a!^JJ ^W3 JuJljlI] -Jj iS->e£tA} \ 4 1 °) ( 3 . 17 ) JjJu>J! . 4-4-uoJl : r 1.4 

.djIjJ^^UI jj-xs Jai^At Cj^Lt-^j-xa ol^Liji 


J^ 3 ^' (3.17) Jj 


W/m°C 

3jI _tt 

^j!W* <>u« 

W/m°C 

SjI_11 

2 


238 


0.2 

t£l_5^ujjl£ 

397 

o“La4 

0.6 

^.Ll 

314 

UtAJ 

0.08 


79.5 

JlIJLs. 

- 

(20°C) Gljl£ 

34.7 


0.0234 

f.\ 0-A 

427 

A 

0,138 

^aLu!> 

- 

dlJJLaV 

• 0.172 


0.08 

“? f al 

0.0234 


0.8 


0.0238 

(Vl^r-<-a5af 

0.8 



<jm) 


t lSLaLuJdJ J^Vt JIn]I tjJi lC 






Jya ^yuoBi Bj^TuaJ (a) I Jua^aXo -JLj uii^ncOl (j_a 4 ♦ li& ^aL a ^l!Ji Jys L- U& ua Jjfc 

Tys 4_)L_tLa uaSL^J 4jjLiil_j Tya ^J^Ll (c) 4y_ La jJl 3^ “ rt 11 ^ iuM (b) CxS^il 

* 4_5jJlI| 3jij-zw 4 j>.jJ> JLie. ^yti-J ^pa^jua £_LJi 

Jl3 ill (J_ijL4 ,. kk^k J lg-Ly^^jj ... 4 L2,Lj 1 ^4<« Cil 3 lio 3 JlX. Jyi Cy£^ya 4JL>- 

jlj.3*ii «V1 4JL- jXc %!! 4 tfh V a CjULL Jyi £^i]i I Ju5> 

, MT,-T y ) 

2<V*J 

/ 

^ua3 <Lo^Llj La$-)l J L y cC Li j 1 lrt<u!l 3j!^y>- Lajfc t T 2 , T j C.t- L . ~v 

JrLjLa Tya (j^_a 1 % a Li V 3.<nl Jl 1c. 4jjL*i,l i_d_lj 4 __lLu»X La ^_uojj ^JLJ! JLlLI.^-I^J^M a v 


. JfCu3.L "X^ 


t(j\*»j3 9.17 J\jla 

(1 I . 1 7) ( JSLo (^ya £l. iS^S u La£ Ljl^_>. jM ^u. a | L-^Lyuo^j^ L»2» L j La g ^L a - m JjLvjJ 

JLlC 3jjj-j>JI 4 _^.j_3 oyC- . T 2 > T j Jjl jLLat yu-LJj_jJi T2,T J ijh->-jL>Ji l 

jlj>. ..33 -4.^ Vl 4 jL_>. J-lc (J}L>. ^|_yuO 3-3ji-l 4 _bLLJ 1 Jl 3 3 »1 (Jju-JI-^aj ^y/ L a- Xi i 

<LsLLJi Jirfpnt JjL»_ a jpj /ry <<> Jux. >_>J1 T culi !i! 

k\A{T -7j) _ :^1 C> UI 


hH-^ 



•*? = 


A 


(i) 


(2) £-ji!! 3j!^>JI (Jl2jji 

k 2 A(T 2 - T) 


y/> 2 = 




Jy-oyllLs 3jl^y>Jl JLXul (11.17) (J £ a < 

ijr^ \ a . ^ -4 ^ * i 1 (j ^4- u a ^La jy.y ! J^L>. 

SjUl 4_^lkJi 34 JLv 
J l a I jI JJ-*_a (^jL_uj JjVl rji-JI J>L- 
.^ini^t jHi- <3iLn 


(jjl jjVjuJ.1 l^Loxj J_Lc 

MQr-7j) _ k 2 A{T 2 ,-T) 

L\ ^2 

^^JL. (J.^-a.Ctt-) JyCij^Lil Jy> T jLtjV 

WI + k 2 L\T 2 

ky Z^2 4" 

UT^- J^LL (2) jl (1) (3) 4jjUI J>L^L) 

g - ^2-Vl) 

(-l 1 /*,) + o 2 /* 2 ) 

.(16.17) iljUJLI Jj^j ^(jJi SjuJ UjUI ojuk 1 


7 = 


(3) 


iSL ya UujUtj ISLuiSLili - J/yt l) 




■ 4c.^_uu £jL^J! ^j ijj-iil (Ji-ljl ^a i-SllaJl .Jaluj 
Jui^vli 0^) 4 u.1~>J1j ^tn.tJLI ja£- JjJJU ^ya 
t _ y la jl. a g-Li3uJl »jJLill L-ft-L-u -i^>-)! J_£ 

<-}uL±*i Lai . jljj>- 4iJ_c. jjt (j^£- jJJ uj L*>» jlj1 >J1 j 
* 34^ 


Home Insulation JjLttl J>c 


^UjJI j*4 4^Ah J R t (4.17) Jjjl* 

R (ft 2 .°F.h/Btu) 3,m 


0.91 

v ,^ 

4.00 

( 4 -C 03 J i t-iix^i-o) 

1.93 

4jL_u3->J1 CjILs^Ls 

10.90 

(4_u^3J 3.5 i 11 ) l j r u 4jLLu 

18.80 

(4_t^>3_) 6 L.f-L<a.x ii) ^yu. ljl$ 43LLu 

3.70 

(4 ‘^t f \ 4 11 <) ^^^ il. m i ^•v. 

0.89 

( 4 . 1 - 0 ^ 0.125 tii-4-i.u) 

1.01 

( 4_co^ j 3.5 ) c I 3 -A ^ 3 ^ 

0.45 

(4_U3^J 0.5 t-tt) e-^L>. 2ajLv 

1.32 

( 4 -X- 03 J 0.5 t. d.^ u) 4aj| 3 _>ji 


ij-aj (R value) R 4_c*-a!l 3-sLa L/K 4.xuuJjl 4 _ujlU 4_^, \ i^ll «>f 1 

:^ll!l 3^UI ^ (16.17) <hLdl 4 jL£ 

-71) 


2* 


(17.17) 


.(4.17) Jjj—>■ <4 Lx» xi ^jL-JLi ^^3 ^xl.x jf .j. ^.uVI ,4 _*jL juj jIj «H R jIjlaMj Rj—Lj/K- o. 

^JjjJi ^.UoJJ! olju^j jj-ujJj oLV^iU 4_j_l^ jJ-^Ji JUcVl 4_*jLcuJ1 cj 


^JL 


^-1^-1 ul I 1 JL^J 4.0 jU^^Lc C t J-4-Ii 4-2 -aflj 4_2 _lL> *ijLi} ^cJa-t-o ^1 jLOil .SI 

jljL>» {^1 ^-1^- 4-i^LiuJi 4-2 -lLsJI i_lil3 . JtfOjLstiJ R 4 2Jl JliJl>J jJx. j loTuiV1 4.2jtLall <?JuS) JL>,I 

^3 jJsUJi £yz i-2ioLc. ,^9 ^J^-La £w<s 4-SLLxli JLnBj .tcj^JI 4il^_^_u i _ r Lc Ju*2-*_) i _ T >.jL%- 

. I f^l -i. it 4_l3 


Jj^ “Sob- 3 - hj-^ 

,jjo U 3 II . JjLj 

J&\ JUUU) ur^l i 

c41 (4-^ U^ J-2.3 
.(^LUlI Ijl 2^ JSV! jLUi) 





I ISLuUujlU J^V I I tjuiC' ^jUult (Jmfltl 


(jO?) 




^Jjt3 R % 10.17 JL1* 

JjjJLI £jl_>- jj^s la.t~M a (12.1 7a) JSLi ;_ T 3 ^Oaj_a LJ ^].i A JaaL>J 4 _jKL)I R 4_4_i_2JI 

• 4ii.ij jJI j»La5?l 

<_JaL>. 2ajL>-j 3.5 in Oa-m 4 _j ^)/3 0.5 in aJLcId i 4 in cOLia K.~u JOL>Jl 

. jjL>J! QAj Ji-ljJI (ji-Ltull uaH 5?j .0.5 in 

(jl jl>o 4.17 (Jl 5jLi5?Li 


Dry wal! Air Insujation 
m j/' /space / 



Brick Sheathing 

(a) (b) 

(12.17) JJuS 


0.17ft 2 -°F-h/Btu £jUJI £jjo ^£LoJ 1 al^Ji 4 c <tr> Rj 
4.00ft 2 -°F-h/Btu coj-Lal] R>2 

1,32ft 2 -°F-h /Btu OiMil! 4SJaJ R 3 

1.01ft 2 -°F-h /Btu ySl^ll £1l^ill R 4 

0.45ft 2 -°F-h /Btu i_sL>JI JJUJ! R 5 

0.17ft - -F'h/Btu Ja.tjJl l jA ^LOI »l^Jt 45 .jF> R 6 

7.12ft 2 -°F-h /Btu 4 oK31 R 


^1^-Ail uLLL>Ji JJL j 3.5in LgSLo-m j 1 1 *41 4-ljLc. 4 a jtr> CiJL li S x o±y^ 

S3jj)33ll 4ilLLxJl y&> La S 4 i\\ 11 R 4 <w4 {jr ib La (1 2.1 7b) <J^Lu ijr £> ^-U^ya y&> La£ ^y\y^\ 

.2.4 42LkJI a t J-aL*^ R — 17 ft^* F*h/Btu; 


Convection 

c-^ii 4JUJ1 *>JlA ijr £ jL^a gtp <J_b Jo d>L3J Ju9 ^L Vi ^y> H1*J 

LoJlIc. ciLj Jo ^^JLj *1 ij^ii £ya 4_IiwL-aJ! 41“XJ1 aJJbj . / jr Lc i , Xjluzjj 4_1sI!£ 7Tt°) J J-.aojj JLd^U 

-(J_a->JI 4U i CjIaojI Uo! L^lc (JliL 4-liwL^< 3jLc 4^jo>J 4 _j*l_uo 4j^£<11 4_^lJaJ! . 1 £\a Luji-S Jl*_j> »» 
cJJk ^ a j a j ijl-Iil Sys ijlotS' <4-^lHSJ! ^3 L>*- ^->>^1-4 4_^jo>Ji Co J <* 

Vl!u 7 poG ^LUI Ly lc. »i^31 4 -^j^j .natural Convection 0 *^ t U ^Jl^u 

t jLJI a i u i ^Ji 1 U ^ J 4 l—a J -Ic. Cj J. rr xJI ^c_l o-j-u ^Li.! 4_^j__>. 4 _j_4o ^^-*>1 •*) 

4_^ JiJlIi ^iao CjJtrcj \-^cS 4_^_i>i>3jl 4ovj2->3 jJ^o La 3 ( Jjuij 4_LLLaJ 1 41“<$J 1 dJjotoj LoJuuC. £ y .... * 

. Forced Convection >U^ u +*»± 4JUJI *jla J* ^LLJl ^111 

4 n x li \ 1 / .-il ^LmJI <lLU La jJjl 3 . *LU ^It i lliLo \ U. ClijLu 

43liL j^yiiiV! aUl Cu^jji (_y£j .JSl 4l£li$ ^jV (jy-Ji ^j-LLuil alii j-io^o ^3 Vjl alii -joi c 4*’• 

. i jfv-A^ <ijJ 3 < ul daa^J ^L i iii - 1 *• 





i J^ -...>Jl cj!j1— jJ (17.13) ( J j £ 

4 ,L.» ( \^r .i.ui e>ySKj>- 


. 4jl3_i 4 _Lu_uI 1 Ju La J, 1 C. (ijjAJ Sj-ALLJI ^ a u3J 
JJ . oll 9 Aj-A 3^ <-u^M jjr-.a > ) 4_}LsjJL3 

iOli J—3 4_1_^UL< alj. .$11 

^JajuuI | <-La. jl£ i l 4 Auj CJ^3 4j£sL£^ 3^Liii 

£tjub^a La£" daja^J 1^ Js^.& li ^3 ^L^>J I <_Tj ;j,Lu j.^£u-uj o, 

(13.17) JSLi ^ 

Radiation t£ldu«YI 


^ic. 5 ^^L-u> 3 4ixoj 43lL> £_tau ^L_o-^»Vi 3^ radiation ^-t*VI i _ ;r 4> 43lIaJl 3l4LuS? 4ojLiII aJL^dalt 

.oLuj-^tll 4jj(^->di oLdjjuJ! ^yc. 4j>oU (34 c_ji_Ji ^Lui) 4 j* .mL* \* a^^^ cjLv.^4 3^-^ 

j? 3^ cr^ LL>-S />a jJ>i^aj L;r Iul 4j ^ .-^l^It.aj^SLH CjLiLjuIiVI i_3j~atj lIIIjlJj 

. a b ^SJ L» 3-^0 ^jJ I 4_d3^4 i L?^4 c - < -ujJ i I ^j_a mil j ju^$ i 4 _j Lsj (jLt-i-u ^j-A 

^jjyjLaJlj 4_c.^3^a 4.atlall 43ji^>- Aj>*j3 £-a i^x ^uLulj 4_3lioil ^t *-<3 3“^-*-^ 

L <& Stefan’s Law ^LLlLuu (j^jLs ^ a * <u 43SL*Jt cJlL j ^ jJI 


;/ = a AeT 4 


(18.17) 


Aj o —5.669 6 x 10 ^W/rn“'K^ ^jL-uj ojIj o <ja.u->JI Lg.«.oi_i c _ ;r jJ 1 cjI^JL SjjJOi !jr A .f 
SjIjj- S^s-jj T j emissivity constant 5L^.I_*_i)/l o^b yse j jc-l^U a_*jjJ.t jlx*Vb j-k2Jlt 

^-Lu_u ^ic clUj Jua T uuj * Jj-I j £_3j J-A-U3 Aj-a 4lLa_x3 »Ts (? 4_Lcljt_iIfVi CajIj jlj^aj . ^jAl^JL ^La-coll 

«^^.Ai.->Ji ^ic aJgxSt* Jl 4^Hail ^3~>di 34^1 4_lC.L*, coVi ^ Jill <a a^>J1 

jIjloaj (jxoj^\ ^31 ^u-a-^JI 0-a 4_uVi ^..l.xu.l1^j.*^ j j 11 CjLlLjuoj^L] 4jjxL^i 1I 43LL>JI jwlXj 

^3 Lj-uL^-uI ^ L * - 1 -^^ 1 1 .J-&^ . 4_u Ij 3^4 7^ Ia < a t 3^L_*JI a 3^4 1340 J 

,j^a 33^-t jj-ojj jJu3^ dx_>o 4.2iaiXj /ijr 2 4_ti3_*_ij ^ >-ii.xL a.l*_.qjj. 11 t. n jLdl (j-a 4_u^i.i 4 .< i l r^ if 1 

. 4_l.'*--u u.Ju.j JI 3 ^^ 4j»u!u V1 

^J! LuL ^j-u£ulju cjLc-ljt-tijVI t-illj (js-\xj .34 1 )US ^3 3j ^^~3L oLc.Li-JL^ 1 ^juj> 

3^ 43LLlJ 1 ^y-a u-S^UJi ( _ r 3 j_^iluu 4-x^ajuj .^^>Ji » i 

a .->o Lii^-al La ijj CjlLa-j ^Llrt-j La-a 3^ 43^0 Aj-a 4_J| La 3^4 Ljuwi 3^ (jr^ 

j 

.4jLaSL L^a! jLcILtxilj 






C”£> 


Aj)lISLuLbuU I ijftic, ^jLml) 




<iil3 jljI^iLI Jl^>JI (j-ujLj 4jiu^-o,i.ll 4_sLLaJi Jj^a3 t _ r iJi 5jL_3tlii,l cjLjV^JI ^3 JjUil Jjly3 J* I» 

^-utlll L^-Lq 4_oJuit_4 J^yiaj 4^aj_JI LuLlj*. ( _ ;r Li 4 _lC L»_iu^ I 4_i./ a a-t-LII 4^LLxJi^ . 4^_je_uaJi 43 lt.H 

Ja^L*,u JaLc-ilj i4_x,lj(^Jlj <Cj1 lag ->Jtl ^^3 4_uLU CjIjI— t-TJl t^ya^Vl i u _>• 4_j>»^J i itj) **t a ^ f L 

0 UaAM 

.^Ix-cL^i 4i^i^ 43LLJI (J1 2l >\ ^_uLoj ^JLla y ^,4 1 £.l_u 1 y_>J! 3j(y>. 4_^jjJ CjJl^cj La Lai 

s j r a 4_1a_j_J.1 cjLc.1 .» j~lV! ^yrCLa.* ^Lc-*JI ^^-3 ^jJl f.L.1 {jp3 LadLL iJ-j-li! ^jL5> ^ d ■' 

^uJlC. 2L1Lw . 4jj-j-La ^Ja-m Ju3c. 3j(y>d I 4_=wj«5 (_Jla-j ^<u .^ya^^LJ 1 3yx L^f .l.*.«u>l J^t* ».» 

ij^=u 2 -s cJj <_£JJjl!j ^^y^-jL^Jf A 4>i 311 ^^3 ^Li^Ji /ya Cjlx.1 1 ;~)V1 C-Li3 La l£Hj jy ^ * 

. 4>LLiJl ^LUl (]ya 3.iJ^yj yadl 4-tsL-aji ^JLJLl! ( J? 3 t_Jy3 3j(y>Jl 4_>- ^ • 

CjLcU-J^I ^aj-4-5 Luajl (18.17) 4jjL*_a 4 jL*"> ^jJl ^JjulIL 43 tla ^.33 ^Lt-u-v^M <jl LaSj 

4jyjJ Jo-ajy ^Ljl^uVL 4_laLL Jl 33j < ii p i <i>Jl ^jl3 Sj-o.VI 4 xLttt ll OX>J ^J I3i^ . 4j i imL> \* II 

t ^jJlj 4 _j i l—ij >J.I t L i u ijJt jj-a ^13 L^aIx-3 ^lll 4^Uaitj . j 3 ^ I 4j_)t^ • 

4_>-jj JLic. 4_s ■.Lj aJLl i-Lj-u^i 1^ T 3j!^>- 4_>.jJ OjI^ !3lfi . 4 _bLL o 3 ^ i 

4.1o 1 4i I 4 _j_jL rtll jl 4_t_<ii3^_U a^lLJi j!jl3^j JuJuL. I o 

: lV v 

!f net = oAe(T 4 -T Q 4 ) (19.17) 

fL Jjud! (JmaIi 43lL A-ij 4jI* Jaa ~>Js! Ja-s^^Il j-a 4JLx ijr S ^ < »*v- (JJ&J La jJr. 

Lc-a ^ii£i 43LL 4 jLb Jaaa%II *.lr> < «jJ 1 {_ya ^.«.ar>Jt LaJ lx^. . 4HjIj 4jjly>- 4_>-j_i 1 

^_ystl aj i^jJl ^<u-u_>Jt <Li (jyJL. i-3j-ju ideal absorber ^LLLi l _yaLU m tlj .4 jjI^>- 4_^j^ Jaa.41 ■) 

a < tij <<s 1 n >J I lj-A JLaj . 6 =1 ^ y*:, i r> Jcvlj ^jL_hj ^LuO-^I oJJb ^JLl € jl J. 3 aj 4 _lL. 4_la2L-aJI 43li-»lt 

4J -_ya_j_iuJ 1 /jy\c.^ .^JlLa £—u±a Lia_i! ^Lil /^ysULI^ .black body »~>d 1 3 jL 

dJJ jJj 4 - lL . 4-laiSl iuJI 43l_kll x j I J_A <JLa 1 4-g.L, 4la3L_u 43 LL ^ | ^ja3.a C r 0 

ideal reflector LJlia L^L 


The Dewar Flask jj. 

—L^L 4_^1 Lll ^^3 J_ a 311 j! J_3__a ^ya ^ \2i.) (j^d ^a_a_ tsn.jz A _ C.J j-A A C.<$ 

iJ7 ^ ^jLtJu-*Js! ^juta^ylllj ^ jd. 3 JjLl!I ji 4 _LLL_uJ 1 i ^ <:LcjJI I is* (■) 

3jLx. (14.17) t J£Lii i^Si ^t> La^ ^Lc.j j^i Thermos 

£yijljL->Ji CfU £4y3J!j .4 j>>3ll /y>3 43 -lL-} ^ L>« 4 jj-u^yLJt J^“-3 0^1 3. tL ^j-4 ^ t >* 


.Sir James Dewar (1842- 1923) 


IS^tSLdl- 


Uj! .(J^>Jt jl JtXuA J^L^XvU A^-gJl £yi jr-^iLo 

<jl (JLi-xjl ,jji jJiij 4_ji_3 j/un aX\ U « nil 

,j t ls?i 4_1 f-LjUiluVi dcjLj ^1 J>_2j—<J< ,_l_i_>- i ^y£\—C. <1 1 ^ AU 
. 4^1 (JIoj OjjSaM 43lXaJi ^j_a <J}-l3^fl 

431 i \c. JSUJi >la 3 -*} j^_0 4_j __ f. A 

.( 90k 43LL3 iUp ) JSLJ1 oy*^% ( 77K 
(4.2K 4_jLji_c JSUJi ^vj) jlj gll iXo3l->Jj 

j^j 3 4._i_r.j! ^IXaJ — lm ! \Sj3j 1J—>- 5^-a.Ju^> 

4j Jau Jjh-JI ^jlr: t^ <fu>Lj <_£ jJl jjj jJI {j} <Sj 4 _^wjJsj^5 

. JjL« cr^ 1 l£>^ >>3 JJd- 5 

ij^Iu Jjjtll 4-aJlx. cjA-a L^j jJjLoJI JojiacJ 4..uaL>JI 4 -j£.j^ <CuJ_>. uLuWi liJllAj 

(jy 3 JajAstja IjlA <J£j fibcrglclSS ^yjy^ j .jLJuij 4_lj 4 _i^L*JI ^>0 CjULlLs o JlC. .j^a 

.jJjL^uJI ^JtitILtju_iV 4JL>J1 oJuk ^3 . *.!^$Jl pUlj 

tf 

S u>ULo/^4jall 4jjg 11.17 JH 4 

4_j>*j.} duL£ IjLfS .20 C 3j», -y-. .>J 1 3jlj»jv 4 _j>-j_} OjL£ Ijl .IliL* j jJoj (j! JU ^-1 c-JUa 
^jl i lu S f-Lfc-uj^/Ll 10.0 mill ^3 4 AXU^ 3ji^3ujJLi 431 la 11 ^1 JiiL a La . 35 C l-<Jtl aJ i ^< v .4.a > . ^.Xcuui 

. 1.5m^ C-AlXaJl a~*- ^.la i.u 4_>.L<_u^g ( 3^3 0.900 ^i.u 3r.U ^LiudVi cHajIj 

ijr Jt u-JUaJl jA>- f^ya 43lXa.il JuS3 JjLJua q\ Ju>u 19.17 4jjLfc_o ^ljLic!uu/b 

«!*.= °Mr 4 ~V> 

= (5.67 X 10- 8 W/m 2 -k 4 ) (1.50 m 2 ) 
x (0.900) [ (308 k ) 4 - (293 k) 4 ] = 125 W 

^13^ j jTuC. ,^3 3^j3iXi 43UcJl Ju»i.i 1 wL^J 

Q= ,^ net x At = (125 W) (600 s) = 7.5 x 10 4 J 

3jJl 3 ^jL^Li-ua^c 1 g♦ juU / jy uJl 43LLJI Lj jJai k^-JUaJI pmy \ £t <"n <^11! 43lXaJl Jaa-V 

. 60 W L 44 L 0 



jjjA f.Llj 

jl 4 _L>-Luu (Jj !3 ^wll i.Ioi.'v. ^3 


3j^L 


(m) 


ijlLa (J«a<ttt 


SUMMARY Qoilo 

4_ulj JuJlj <Lu1j^jJ|j 4_Jl3~aVl 4jsLla ^auiu ^HaJl! 4j_al£Ui 4sLiaJ! :4^l3»tjJl iijLLjJ! 

L^V 43Uoo H 

«.,L-i < ujiij ^UalJi 3j!j_>Jl CjL_>-j3 4-jc. j5u ^LlaJlll JijJUv j. xC. 4JsLiaJl (JL35ui l ^ r Jb : 3)i^>Jt 

. 4 j 1 c » J1 i?4.1 7Tt U1 4iiLLaJ! 4 _l*£ t _ r ki 4 JVjlU Q .Jo-p^ii 

^1 14.5 C *H.I Cy 6 j^> 1 4^jj}Ui 4j9LLaJI :^j^IlS3i 

1 cal = 4.186 J ^ sl^JJ ^\SA\ <yrtSJtlj 15.5 (' 

Q 4sLLl!I 3 .1 C jl jJL<u 4 uf 3^!^>» 4 j>.jJ £f>jJ 4cj^U! 4^Lkii 4 _;^Jb 4iaC C 4 jj!^^vJ! 4jlui i 1 

(jr A AT jij^u 3.}LU yn 171 4lx£ 3jt^>. 4_>.j_} <Laj^Lli 

Q = mcA7 (4.17) 

. 4_uljJJ 1 3j(^aJ! C <Ju.p- 

#? 1^3 4-xB"} 3jll j^lai 1 4_4 jM 11 43liail 

Q-mL (6.17) 

.JbUI ^gjuJl 4 x,ii la J ajlsu BjLHJ 4-Lolill 3jl^>Jl L O- p - 

V j 4_uLgx!l 43.4.53 (jyij V / 4_ulj5ijVl 45L»l3 4 w 4_^js. LoJoX. jL*J! 4 la_^l^J {JjlulM 

W = j^'/w (8.17) 

4_d-4-tJ i l_oj_u3^j JuV W 7 4 4.J -3 (jt^3 .4_jLo-*J1 jLu 1 ^^Jt3 u JuS jJl la_i__t5aJi ^Jb P Cu.% 

jLoii.1 (J7 Ll JjjuJL! J*.<3ill (jl .4 JLvjk>o V, P -^jl Jl3>3 4j2Ijjlxj JuJ^/ i^Lal^ Iju/1 y 

. 4-ul4lltj 4aj|j^bVt (jOJL>JI (jAJ jxifciill 4511 ulj 

j j r 2 j j t "til . ^j->~ f 4JU (J3" h LojJ^. 4 _j t l$^4U -J J ull J 3 VI 

:4_lL > . 1 Jill 4a^ll•> 

A E- m = Q-W (9.17) 

^C^JLi 11 4jJ _xj ^jJl ^J.t ,JiJl jjfc W t3jij_>Jl 4 jj ^Halil (^^-11 4l3jlill 4_5llaJl ^Jb Q Cu> 

4JL^k 1| 4-_u 1 1 4il_>Jl Syi Jy Tu.j! ^HaJJl 4^JLuU 4 _$jJl jl ..mil (_yl^- JL^ 4 - 3 -»^ W 7 * Q ya t > ^ 

431 la J \ t.la 3-v Jlj>.( .^yJb 4u_<_g-i J ^Jl ^J^Ljull oSJbj .jLcoll 4 A£”j^ ^_)l 4Al^4i 

.^HaJtU 4jla^ljJl 4^Hail o!j-l*31I ^^1 




1 I SHa U L jJJ lj ISLuiS H l♦ - (J^V \ ^>ael S ) £.U^_uaJi 


(jl Q —W f<u AEj nt —0 (5JL>J1 xlc. Jjjuuj (Jl_u 4_d-$.tJlj j ^3 

.AjjJjJi 4_ il a. > .. 1 1 ^UjI ^ Ha l i l 4-LxaH ^ 4.1a.ml^lia <11 t ^J] 4.121111 43LiaJi 

(Q = 0) Ha-iaJlt ^LLalil ojl^_>Ji 4,la i »i43 Hall (JUHjI V :4-uL*-i^Vt 4 _JL$jlJ! (jr ^ 

4_xl_>.l jJl 43LLJ! j. j .«ijt ,jl AEj nt ~ —W ^ J 3 VI ^j^jliLlI 7 ?.: .uaj 4Jl_>JI 0 JuS: {jr £i 
*u IE = Oj 0 CjljLill J) jlEl! J—<sJU 1 4 JLv ^3 . ^ Halil 4j Juu ^jJi JJuHJlJ 4_^_ilj 

- 4 j H ♦ 11 lilij ( _ jr S jmjlZSV jUU 4_JjvljJi 43Hail ^jl AEj^ =0 

4 al l J3> Jjjuli jJjumilj Cx-sH H.* lo Cckj CjJLao 4_tHc. {jT Jb :*U)Lij^jVI <UJL$jiJ! 

w =P{V r Vi) 

AEj tl j J W=0 fU (JjuI 1^-3 ^-5C_>J1 CjLu £_o ^13 ^£1 : 4-u4^_H3j^jV 1 4^-L^jdt 

<_y3 jLc. 4ia-ml^j ^JjJulU Jjumii . 3jlj_>Jl 4 j*.j3 CjLu ^a ^23 4ui^.r. :4_*JV1 4.t.l^x?t 

4HLo^jj^-jI 4_iL^.c 

W = nRT In|Hj (13.17) 

jl <_>LJI U^_£j \ a.£ (J« i> Jlxi ^Lc 3 2 3r> <jl £y* 4_bIE ll 

jl 4^ot-ua 1 -U CjE(jju>J 1 lr<u 4-£j->Hi 431 \n 1 3 4Hu oj a 3 t > u' 3^^ 3-- lju:3 ^—*iljj * ^H*_x_u^/ 1 ^ 

: A L^la-Hx^o 4 ^cu^Hj 43Hail Jjut aj 

\dT\ 


if = kA\ 


dx 


(14.17) 


^Jt> 1 (tT/dx 1 $ 4^fcJ^lull L^jua ^l_uai,l IjHxjJJ ^jl^u>Jl jJ-ux-aj_lii jJh k C - u. . *> - 

JUiul 1^3 JI_p.Vl ^ jujuJl ^ 4 JjLx11 dlufcj .Temperature gradient 

. A ^11 (J^L>- 43 HHI 

^jlSwd ^j>a Jluj 4j^.LuuJI SjlH ^3 

(JjUtXJ 4_u. t ula Lt-ACj-gSi uHjjS ( j r Lc. oH-L»..ml jJu-aj ^3 

kf-o AeT 4 (18.17) 

i j r a L 4 .Iu Li>J ^-“ 1 ^ 1 43HLa j_Hu 4 _j Haa_>JLl Ha-m^H 1^x5 4uj hr t-u «it >J 1 J 

»^_Hu Hi-<3 43 Ha <u 4 j HaaaHl 1 



ISL^Uj-UJ J3 V \&j\ jskJ t t! jJLa 3^*^* 


( 3 ) 


s^$lSltSl« 



^(QlO.17) 10 

j^yJLc. J. j!j>JI 4 IA < 

»i Ur 3*3 j .j.s l Ha ! ^Jj-c-Ul I Jufc un .-n 
5 I j 3L& j jLl < fldtu ^u 


QUESTIONS Aliutl 



(Q10.17) ijSJi 

3 -* 4—*_LuS £ 3 —scj sj\ tjr^X- — 2 lJ 3 ^ -4J I3U — 11 
4_£b>- 33 ^-* L-cJlui (jj-ail £yt JjLsj 

t~>~i **u V 0^3 ^uaj 3 ^ ^Lj 

1 ^ jlc. 4 *Ir>4 C-t-sL^ llil liijj -Jc C 

S cLc ^)Lit_J 

j-*—tiij r U^Ji Js> J*}LJL 3tkUi ^jVt - 12 

1 — 4 -Lu ^jOjjLjC. Lill—Cj_* CuL^ !jJ tfJjLj L-, g i 
0jjls*^4 Sj-JtJK jL?C i ilU_J sLLJlII ^^jVI 
L^jLj Lclr. iiLt aSJZs (jyic. L^jLj j. t.<-V> 

S I jll ^Ur>Ji (Jiui 3jlj_>Ji <Lvj_} ^aiu sic. 

LcJulC. ^j-lji\ ^jjJoLLi-JI to ^ib (iUL — 13 

-J-U^Qj-jJJ ->JI ?T 1^ 4-tJI .J>> l'^l A-) liU - 14 

S al^l (>0 £jJus i_a>Uu Jal=cjj Thermos 

d A,.^'> ^f.^a t -1 tA>a, 1 M" a♦I ^a — Is 

13] (jj_*_a {jji <■ a i ‘ -^tl 


«■j— 3 JI Jj—>• Jjj>!t o ]— 2 v^- ! <i>—® j-*^5 

(3j_^ t a-i-u 

. lLU3 ).* U, ° l .^JJulII i 


aLaJJO^, 


Sjt^—^J! 1 


1 JLj^l 4_ 


Jl 


3 jlj—>J1 
Qt < . L-lJ 
ljlar .\ {j\uui\-£ -3-^ 

_>-j j u^-* 03^_^ ^_sLLJi 3 -^ jb_dJ ^ (j->* *71 

. (^LLJ1 

3>a VljCu^l ^3-^ 4 _iL>-LuJi 3^UVl Ijll 
. ljL>-lj Lt ii u 4 -lL -v I jJl 

sic. OJ^ jjr* o jbv. j Ojuai 3>5 i j-L * U 3 4 _^ 3 ^J 

4 _} ("/ 4 -a 4- r.j 200 C 


4 __lLq_*_J i ^Juk j 4_^^—iJ! 3jlj_>. Jut£. ^L>q 

3^is ^ (quenching) cLiL>] 4 ._lU .c. ^ 

,4_ijL^_iJI 3 j!^>JI 4^>.j3 

^_ol_J_5 sic. ^b_U 3^ ^ 15> A ^ 

3jij_>. 4_ >-jS iSslS ! j! . 4_j_c.^_ljl Cj I j Ij—>J I 

, *Uli C.t.* ib 100 C 3 ^a 4j_jjJI 

4 J±4 *Ji 3 j_ 4>1 tibll - >0 ^s —>-1 {jy-Z S 

4__*jL^i s-j-xX\ 0 u« cl "demonestration" 

\ $-x ^<u 327 C j_£_utzj-a ^-lLJ.i 

(yS-a! i aj ^ L^J jjl jjj <Lcj_uij 

.^a^JcLS. LiJJ3 Jxaj j? JjL>ijV] S dili 

<1 j 1 1 % (_y3j-a- (j? J->j (> 

^IjUH ^JLaJ 4 -u!jUl] 1 jl^-ll ( 3 > > " Ct^ 

^ )-jJ t 3 Jl).).-j 3 (jJLdlt ^ya 

S!3U 

t -f „ t I j 

0-1 In c. \ I jl 3 jL«-jlJ! osJt ^yS lLtl->JI Lq J 7 | 
5ji^_>Jl 4 -jv.jj i>:r Lc,^fT^ 1 «->JL^ 3 a ^ <« t > ■ 

. 3jljJ>Jl 3 -fl 4_XXi^ 

{ Ja 3 Louq < jL 3 j s^-xi bl-*.ux 3 31 ^_jt^ 3 -,< u) I jU. X 

j-uaj VI <Lla ^3 ijVj 4 -ol^« 

S LiLuL^i i—ibljJ^I 3 ^ cj|j H 4 _iL a 

3^5 Lb^Lt-u ^L 3 3h ;:tjL ^ ii. L t.u-c 3 3^ y- t - a ^ V1 3-* 1 ^ 

aiiJji-u 3i- 5e -L‘d^ ^)iajb3 Vj 4-ua.t ti c 

,S IjU 


£*•uju«j tsdisut - jiYuj^ji) 


i 3U. 3jJ_=tU Ju—ua^-iii <j^jsj *UI (jLK tej — 24 

S.t .gl Jj^iS 4jtJLic. 4^^u_uJ ^yr.<ji.) 

^aj Sj_^*uii oLVjJI ^ Penny 0 ..Ut - 25 
(jSLju Ja .(j-u!_JeoJL ( _ 7 JiaJU diijJI (yi jVI 

^iaJ! 4. li ,u jl j~-vV 4jyuu_)_jJl^ Ajj^a jJ-a-C. 
dJUj <jC ' i| . SoLiqi.I.iJl (jjo 4_c j c, y —<s (jr 3 
- 4u^U3tiJi 6jJb < 3.1^> IK-4/3 

O^ 3 *—*3_ £ (jr^ ^_ 4 c . ut-uaj l3l — 26 

(jl_3 ^Jiu Cr i-^ C-^J 4dUit_u* 

5 dJ3 <j£uu dK 

* 5 

4-i>.L-u 3^43 ^ic ^jo^cj jUuo £-j 131 — 27 
4 _^-j j (a) ^^3 cjjuuvj (jl olj j «~i!! Lus 

S. 3^3,11 4-1.1 jJ j 43 LLJI (b) 3^iili 3j Ju>- 

I^LujJJ JjVl OjMd (.UJr. ,b [29] 28 

4. .i K.li 4—sllaJi 13Lt *4 _jjJ—> d 

»CuIj jl jJLa Lou! J JjJuuo 

i 4-.iL>.I jJ 1 4 -JsLLJ I Ju^_>u / j S L o- U (j*o — 29 

.4_ilLo^?L) -^juoj S4_K_uK_ug 4.3 LL> 

(jl a-i-3 3^ <3 —oJi cC-C-j—3l ilLl —3 j — 30 

(jLjtiuaJI ( JT 3 ^.3u <jl Juu j)l 0_Lua3j 

Jjfc Lo3J ^Kl 3^g a 3 1 (jj£u (jy^l^ . JuLB J ^-uajJ 
U* J-uS ^I 3 j_4_3]| J^_^ou 4-4J^£Jl £uia3 

. ?c_uaj S 

(jl^jl J.4 (juL?eJ3 CijL-4 Ju2 LLf , < _yZ>j—OJ — 31 

3j , ^ 3J1 * 11 4. a .j iil 3jJ—>■ 4—jJLc. 

Juu 4 rttlo (juLutiiJ! Jud (^,3 (jKj ,4jL>-L-aJi 
4_u>-j)J 03^ I -4 ^ i 4 1 Zj-x ts\ .3 4_j_Loj 3j, ?<, 3 

Jl 3 —IjI (j-A tjlj . J3i 4jjlj ^ 

S dj j (j jC. V <yi.t,i,\A (j5^4 3 j!^U>J| 

JUJ—>u Jsj— J < \r\ ^ jlu JjjdJl ijr-^- ~ ^2 

i a 4_ud ^jl_Ki! 4_j| Ju Jj—3 

J^L> jj-A (^1 ^ m Jj—3 J—< 5 —S*_Jb 

J. -a-.^u (j-C, Jj j ,<^u- xs 4u jLil I 3j Ju>J! J l A ?i > 1 
(_y-3 J^JcxI! ^-Lxt-u Ju—3 j^^jl ■ K 11 ^r. iM 
. 3jjj-J! 3JUJU* 


jo-. .< «5?V1 3 JjLaJI (j\->.j^-iuJl Jidutu till — 16 
/yj 4 4_uaLiw j^_j J 4-i-Cj 1 JuLdl 

jl (j-4 _ h~A djLJu JoLu>u^ ^jL>J( 

*3. (ju^u-t-aJj-JI Jla (j-o djLju 

jdl^ii! 33~^ ^—3i*JU ^St ."i u.nJl — 17 

CjI^-u?c— >Ji {jr^* 3u>Jl (_ :r ic. J— c.i— tdij 

S 1311 <■ nu-x^aJl tf-Lulil (^3 lu3ij 

ljLau>- ^sutUS (j->J 4 11^4 (j| CjJj! Ijl ~ 18 

jlj J-3t3Lta/i tjti 4_3j_xaK-4 jU 

.^3jljutiJ 4jjLc 3jLq (j^jjKJI :4t^jtLo^ 3juJuio 

jLLJ Cji3 Jj33o (jljJ l_>- Jjuu (jl ju^u U a i c . — 19 

4Jjl_*JI 3jLil j-iiij (jl JuiaaVl (j>3 J Jb ijr x 
(^Jlc. ^1 (jljJu?ciJ JjU! (_ ;r rwjLiJ! jcioudl (jyd 
L-uatu (jdILu>JI (j^) (^igJl ^ j-v-lgil *«!! 

(c^>* ->^3 

(jui CjLuujv iz^uzu 4ajj^uatiji Jjlili Juv i — 20 

(jrU (^3 (jj^. 

oLul 4__>-jjjJU 4-uvL>.jJi cLLuLlA]! ilio 

(jm L_ 4 uvi^_J»-j ^iuj f-LidJl J -uaJ 3 J-xill 

i?Ju5> JlC.LuaU (_^Juo (^1 (^1 .jl^iil ^liii g3l^iJI 

S Jji-U J^lj 43ldJl (^5 4_3jjdj( 

4_K1j— 3]! (jjjj—iu ^-xollt ^-3 (ju/liJl (jLK — 21 
cU> (jjlit^o Cj 1 Ij 

S dd^JoJI 0J ub Cj!Juv0^3 

^!^>31 (j-o ^_iKl 4uLLu^3tU 4_ix,^iJl 3ji^_>iJI 22 
4. 3. a .3 .di aJ^Jt ^g Vi <n], 4 jj— ill 4- » ■ _c.^j] 1 
3jl^>iil 4^*.jJ (jl ^3 1. t mtli ^u-cdii 

(_^-3Ji 3jtj->. 4us.jJ (jui Ur^ J^W 

(jus ^u_L*iJl i ? <^j (jl £_3 j— iu Jjfc *3jjl—>Jll 

S £z-u3j .(^uSLJ! ^xl (Jj-ail (^Jj 4iuJLll 

4_3^ * .4 3jv_a11d 3 g. c.L.ua Ji f. I j-4-11 CjIjLu — 23 

ol^uLLii j_3j ( jr 3 ^J-it-jLuusj (jjjLJail 

OJJb ( jr 3 uo-lJ! 1 —o . dj—JC—o L 4 J (jad 

$ oljUlt 




(™> 


tSL^L uJ . tt (JjVl3 jL^11 * jutf- ^jLolf 



PROBLEMS (JJIU-,,, 

. .uijll J^il£ Jo>JI = j^J ^£Jt->«J t4_I o~uuoya i5jj2uLlx ^|_jLcojQ — 3 * 2 ♦ 1 

http:// www. sanunderscollege. com/ physics/ J>JI = WKIl 


4jH A~ 

j JjL-oII j_uLq L.i i xiL>J 1 = 


3>^j21 ^1 jitl^L /4qx2)j ^Ijjl = [ I 


^yic. 200 g 4Sl£ (j - 4 (jb*L& — 6 

4 _>-j 3 Ate, jjijji 4 ji_>- *m { j f -A soog 

L_a_-* *uij ■>* .80.0°C 3;!^ 

4_>.j_i 1 3 V >! <J J—*_4 CU-j—itj Li"i iL 

L- 4-3 * 1.50 C/min (jL^ 3jl^_^»JI 

4j?rj"ill yu£\ $ 4i>U^I (jlal 3 V il 

lOOg 4-llu^ ^{_yn jJLcjj^JL^ — 7 
pLLij j —>UI 250g 
. 10.0 C 4 —>-j-i J-Lc. ^jlj—»■ (jty-31 —>■ 

4.1 3—C ,m (j^q j > J—a « (j-w 1~ 5~ Ci_« uoj 

4_^v.jJ l A -I t . 50.Og 1. 4 AljL ~vl 

juul 70.0g 4±^ij80.0 o C 3^ 

4_j>.j J 0^._3 L .<■<?! JLiSj 100 C 4_>.jJi 
20 C 3jl^— 3 - 4_q>-j.i J ,ir, 4.1^ ^Uaill 3ji^>_>- 

(b) aij^J>J,l 4qqj>ll 4_j£.jqli 3jl^>Jl (&) 
4 _u 12JI 4juS21 4j_4 4^.j) 1 i^ai.1 ^jJulU £j-> jjfc La 
3jjljJl CjULj-jJI < «i (j - 4 La-^ 

$ 1.17 JjJl>. 

,UI (> 4.00 x 10 11 m 3 Jl*. Sj-pzj - 8 

4j>.jJ (jy^2 4>aj5Ul a^lkii jljJLs La (a) 

1 1.0 C (jqa *LM (j~A ^ae_>Jl \ JUS> 3jlj>_>. 

^ajJj 3^1L Lt.n 11 JJ-C. (b) 12.0 C 
Li-iSLai Li! 4—sLLd! {ya jJ—3J! IJui> j! J — a)l 
4_]sLL> 4_La^t_a £ya 4_t3ajL3J! 4_ 4 iiaJ! ^! JL-^.^ t 

. 1000MW JAJ 4q5L ^ 


2ui^ljJI^LLaJlj 1.17 fuuft 

4jj!j-j>- 4_^-jJ l^q>-Lu Cj^yL-tTu 4. jJc. ,U! [ 1 | 

jJ& 50m f-j— 4 -jj! ^>3 uLxj— 3^3 10.0 C 

di^aJLin^ >-j! Jl^ 4-^LL 4jLo { J^ CajL^ 

4 —yjl c-ccu-J^i . ,LL1 4 —j_£|j {J7 £i 

.djVyLiUi a n t i_i-Lc ^Lti 

jtj^> (jLS (1.17) J1L ^ J^v jLg-a. y - 1 
1 1.50kg j- o l"i^J 1 jj-* 3$ 

! y SjLjJJI _)1j_4_jQ La .aUU ^a 200g ^lf. 

£jl ~i l~.< II vlaj_(jl J_*-i aLU 

.3.00 m asLoI 

2.17 |«uui 

10.0°C 4.^ 3H i. i^i 4 3j!j-_>. 4 (3 | 

4 Li wil^J 4_^LlaJl 1 jL>> 3 C ^yA~iA > L-flJuZc 

l-aj—»> j 3ll 4 _Ll£ 4 1.23kJ ^jl. <4ii 3 j1j_j>JI 

. 4 4a£.j_Jl 3jljq>Jl &<C- 525 g 
4-^vjj 50.0g 1 < 4JLj_c - 4 

4_^LL CuoJL a! 25.0 C 3 j!j—>■ 

4^>.jJ jLl a. ^ La 3jl^q>Jl,4 Lia^l^j 1200J 
.4_uL^i]| 4 jj!^v 

will 

3j!jqw 4_>-jj jlIc 1.5kg 1 ^TlLl^s (jLua^. 3^ Jllv. j 5 j 
£.La 4j ^Lc.j i~<Li3 in 60.0 C 4 _aj!JLjj! 

L-a .25 C 4_>.j.i j_ic. 20.0kg 4 

4—a—«J| (J.< a - A l^ 5 4__ul—^lli 3jlj_>Jl 4— 

Qja 4- L lj g 4 j, <;5 3 . ^Lc^il 4jjl^->d! 

Jl£ fill 


(^l^flSqUudllj ISajltdl - JiVU>JO ^UJ-jUrt 



wLtC 1 .00kg ~i i~l5 ^yd 4inS — 15 

j—± i 5 *\ cj cij —^ c 20.0 C ^ 

.77.3K 4j>.j.> ju£. ^j>.jj-Tu.1 \ 

(J7 _S , ~a- t " x j ^ jJi 4 _Ll£ ^ 

77.3K. .uj ^jji 

0.092 cal /g.°C Bjl^Jl) 

>> 41 »i 5 n 3jij. ->ji^ 

.48.0 cal/g 


i _ T L- 50.Og 4_iiix^ — 16 

La 20.0 C 4—JLai £.Uti a 250g 


L^ Lj ^LM t-LxC~xi ^£jJi jl—3 t_lJ 1 Ji a 

j —3^i_}jyJL£Ji 3 j!j—>. 4—>-jJ ^J*- 3 


^ 250g c rtj i>) i gLcj ^ 


3)-* 600g L.<qJl 4 _j».j j J.lr. 

— o (a) 18.0 C £jij—>» 4—>.jj jlLc. ,LU 

ji JlJLq La (b) 4_oL^iJ! 4 j>-jJ 

4JL>. ^Jt ^LL lil La J-xC. ^2 Zi\ Juxl^Jl 


5 o\yrt\ 


^^oLlojJI £ys ^jl~i.^lio AiLu4 - 18 

20. C 4j>.y3j 5.00g U-^Lc Jfa 4_1 

\ —o^l—uqj 1 J*x-xaJ.lq i^r>\ 500m/s 1—^ ~t C.j — t-uj 

j- jf ^oLuq-xJI (3^ LJ . I 4- *J £>a 1 ^_lIjLx_x3 

<—2^_ill 4_flUaJt ^23 J_ j 4 J_ >.jj Vj 3)J_ 0 

3)^-U ^UoJli 4—LI ^ x ,11 4_JL>Ji i-AJ*o .(^^_>Ji 

♦ (jCIj UqJ 1 {jja 


4—>.jJ JlxC 90 g 4.1&-5 j $ ls\\a { jy>\ — uqj — 19 

JuJ_>JI /ya u_Jl_3 327.3 C 

4— ojl J— iiVi 4jjj{^_->. 4_:yj.2a 300g 4 ~ 1~< .5 

4^L^J1 ^ L* 20.0°C 

^J] 43LLj J^L S^lIqJl] 


. Uq_y>vl 1 3q_x_uy! i 


3-00g <uj 3 ( j^yiLxJjl 3y° 4_uJUua 4.1 ^ji ^ (_y^J “ 
_jjjl l j r Jd klo4_ LM 25 C 5jlj—q- 4— >.J 


q\ _£ i3j (a) ^ .k.xx, 50.0m 

CxaJt.3 4 * X>)J 43LL> J. jit’jJl t^yd 60.0% 

4jj1j__>. 4_>-j_} Lg 4__ii>.l jJi 4.*L^lla 3 jljj 
cJ_ta-> j_^31 4^Je..-i ~u Ji (b) S 4—ajl-^Jjl 
■tz-jSoj S ^yx-y j l 4il^ ^ L xaJ xfc . ? (a) L^-t lr . 


9 


.ciUi 


Tfo —>■ 4—Ju-C- *LU 3y° 4_ilt—^ — 10 

4 “ 1 ~x 5~ 3^ p i — 'c .t.-t SL x.ii 

Cu ,■>■ r. 3jij^_>- 4_>.jj JlItl till 3ya 4Jb^ 4_i 
lo-A 3)1 Jh^ j—^ 4—>.j_) 1—xi Tfr > T c 

• f U2Ull 

Ijj . 4_y_u G—tfoi 1 42sliqJL) ^L-g 3)l-^t— t-u 11 

6.00m 2 «i ,-iti k a.>JU 5_>.Lxu_« 

fjfM — a —tiJI ^j_.-uo 1— 4 —j—L xfc-i ^U1 3jJt—ilij 

4—(*3“^ Lh°3^^ Lh 4 .550W/m 2 
^1 20.0°C Cy» 1.00m 3 3jSj—=- 

S 60.0°C 

^JLalS^Jf 3.17 

40.0g (J-jj) ~x "t 1 4-jaj3l3t 4-^UqJl jl Jl^ a L-<s ~ 12 
jLJcj -10.0 C 4_>-j_i JL LC. Ju_iL>J 1 3yi 

.110.0°C Jj^ 


4_q*jJ J. iC. 3.0g l ^ Tb-Sv ^j-qLua^Jt {_y& 4. 3llo 13 
240m/s 4^^, cullLl .30.0°C 

4_>.j2i ^JUc. J_aL>Ji 3ya 3^ j_t5a {jr^~ 

Jl_iL>J! 4i~iiC ji J^n_c La . I $i °i C u^Lie 0 C 
$ dJjJ 4_sc_p_} ^ua j! ^jJi 

L-xiu-iiq * 100 C JL lC . ^L a jLtJ — 14 

4_t-x;.£ (a) 0 C JlxC Jl-i Lv 

4-ul ^ill x^jvjJj j$t<r\i\ Jl«iL>J! 

Jt 2.>J1 4il^j i 10.Og jLt-xI! 4.1 “OjL^ LI 

01 jLji^LoLUx^JtclL j^(b) .50.0g 
. 50.0g juL>J 1 4i^x l.Og xjU^JI 




(™) 


iSLwLudi} (J^Vt :jm£, ^jlaJl (JirtrtH 



3^—4-0 Lj_a 


Luj jLiJI dajuua t * 


Ol ' 


ij i La 
.^ e_>J! £_A 

0J-& ^^3 V_lv“^-At! (_L* -tloJ! ^\l-i _A— A 1_ .A ( 3 ) 

0j\j-j>- 4_jwj,} (ji_) 433'LaJ! i^Jb La S4_La—*J1 

S 4_Jla_*JI oJJt> jM-iw 4 _aa> e->-j jLLI 

IjLc. LajI— jLL r . 1 t^-4-i ^^_LL_^J! ^>3 4 Lj_c — 24 

(3^/Ls l ^ j ll 43 LL 431—uoi Jlx£1 L-JLL-a 

273K jj-A > L * »>>U ol_u j_a 3jlj_>Jl 

U 20.0J 4jj3 >U^ jUlt JIu li{ .373K 

•f 4iu^ W£g 

1 j lr GjJL_a 4a! j)Lw ol J_Li J j^JL-L^a jl L 25 

4-Awl—ou—A^ 8000g 4 "i-lTl lijj.—AT 1_A ,j .1 l*\ A 

4 _<^_>Jt .5.00cm 2 4_ s r, L ia 

— ud oL_p £_a —i_o1j (_yic.l (jr^l JP>Lj 

-iLjj! J LlC. jJ-i-jJ! jl-X 3 a La OLAi 

l>a jl_ill <^a 0.20 mol ajlj_>. a_ 

. 30.0°C ^il 20.0°C 

1 $ j 11*. a ailjU ml ^JL-Ij 0 jLL — 26 
A 4a»- lo 111 4^-LaLaj m 4"1 *i 5 ,j .1 A.a 

.I n * . )- > CjLiJ £-4 .(Ja < ulj 4^_>vll jjv. i 

(Jj-a n i_£jJI J< I~JI jl, i a a La jLill 

TJ(j>! jLujj LaJ-Lc. jLilI (jj« 

^T 2t 4i 

CjM3 jIjlI^I ^tL- F ^Jl I ^j-A JiJl-a 3j jLc — 27 

(J£Ao ^^,3 ^-Lo^—a 1 — <u£ 4a£Lc-A Cj|jL^-4 

^ ill Jj_^JL Ji_jJI .. >1 (P27.17) 

.IBF, IF ,IAF jLAI j* jliJI adLu 


Aatm) 



1*27.17 JSLi 


ljI j 1 <> tO JjLAJI 4.17 (S-m—a 

i 4 _tSLo a Lu^jj«j24t 


a a ^ 3 1,5 atm .Li j_Lc. aLc.^ ^2 jLL — 20 
jLiil 4 JL_jj ^oJ! J«_u,i.ll jl j_La La 4.00m 3 

UU_U3 (jr^l L^-oji-A AiJl- UZ3 JJlC. JJl^AA !jj (&) 


!a! (b) 4. 


. C-uL (.Li it i^y jJjL. 4-aa«u>* 


WKH 

l-L* _Jo C- 1 JJU 4 J ^yjl—LU j!_ii! ^_A 41 j ..r [21 | 

4-1 1 A-^ /_y^ . 1 -00m 3 
jl.x-3 aj / > = aV 2 

(J-L-Jo (jr 3 (j\-t —A 


aw 4—tSLui l ~ 1 u ! 

S’ a=5.00atm/m 6 


a L . ,.lj \ 4« J 'Z \!! jlj—a a La (17.21) 



P21.17 JSLi 

a j.. aJu £aLa a L. ,.lj \ jJjjLji.1 j '* .“.11 Cj^*- (a) ■ 22 

(P22.17) JLL^o^a^ L^f^j i ^ 

lil j-jU. 1 4jji_jj i^jJI Ji .~I II j|j_o_a La (b) 

- jLJ.1 n a > ^l^laal 1 ^J) f . tr*> t t‘s> 


A Pa) 



iJU>JI PV iJU>JI ^ JLLI ail c^_^, 
(SPj.jV j) 4Jl_>Ji ^1 ^ (Pj, V ; ) 










(^<^1 *U^drft 


4-iLuJI C j^j B (j-OJ 4 _uLlO| 
4jb-i iil100kJ L&jJL3 4_^LLd t , t , n"£l 
4_l1L4_)Jj3jI 4_l U . « JI D (^yjj C (j Ji .SjljjJI 
, > a 4 I .$. l~9 j 4jjLjj^_iI 4-i U ,«.1l A ^l D (j-«J 
.5jb_>JI 4 t. ,..tj > 4£llaj| 150KJ .1 b i11 
4aLbijd( 4^lbli o^- 

^int.B " ^int.A- 


P( aun) 



P32.17 JS^ 

JjVI jjjjmi oVl 4 »)l (_yaJU 6.17 |tni 

I Sbia L' u J. U 


300K >- 4_j>.j4 jlx^ jL^. 33 

jlj lj! 2.5KPa Juc. 4_i )L i ap i J~U 1 4.j l< .ti 


lib 3.00m 3 ^1 1.00m 3 ^ ^_>JI 

jl_*Jt 12.5KJ Lkj J — B 4 —silo CuAa —li! 

4Jb Lia ^b jjl til! t (a) 


$ 4_ul*JI 3jl^>J! 4 j>»jB (b) 4 _lLw!jJI 


oj jlb Jt ~us ^.Lb ^ULq jLc, -jfj* ju>.lj ~ 34 

-i1 —ajJLc i_La_j—>JLI ttn t njJI (jjLz, 3.00J 
1 .OOatm ^L^j <IaJt ^J! LjiLajjjj-jl 
(b) .^IjluVI (a) 25.0L 

«jU! 


LoJ lIc 4jj_xJ ^jJl (JJLtlJt jljL 3a La — 35 
4-a-j.} JuLc. M\ {j-a Jj-A 1.00 u 1 . » j 

*m jL.v-j i.oo t ‘s^jj ioo.o c 

.P=1.0atm uLi_ *±>j 100°C a _>.jb 


j. uu. a.^-1 t^J Uiw o j\—c* aUl jLJtj LJ 
LaJLtfi jl_it__jl] 4_jlL>- 1 jJi 4_bLLJ! j j t ~fl 

.^2t_alljl ^yB J_>.Li 


LSL_«llj Ji) JjV< jjJLJLh ,5.17 ^ o*,Jafl 

^j!W 


2.0L cr JJ9.0L & jLc. - 28 

ojjt ^b 0.80atm ojLs. 3 a o_>Lj ^« .<>> coj 

^_aLt-aJ 4_BLLaJl l ^yQ Ij JlB JlJiB 4^.Lg_aJl 

L«s (a) 400J 

j.j. *~t H jljLA .a U (b) S jliil 4l-> Jjjul! 

S 4_jiiv! jJ! 43 bUo ^yB 


4 A «; * ) U *\J IJ— 4j3 ^UaJ | 29 


(J7 3 500 J j\ jutL*\ 4_2L>-I jJi <gb11^ 

La .220J jb 5L-i_t« ^ll^>ill (jylc- c)4j 
4—jJt jl 4_la oUJul Cr-^^ ^—bLLlI! jt J— a .—a 




J£Lo) i ..a-.^v 4 —ji a. *■> ji — c. j —a — 30 

4 J4BtiaJi ^BLua (a) (P30.17a) 

(b) 4-lal^ ^J5L>« 4p> 

La ACBA jL-*J3 cajL-ut^ 3jjjJl r^a^. 1 jit 

^LfcaJli L^jl^ JT ai! 4_BLLaJI ^^yBLt-ts ^lj_a_a 

4_la_tajl^j Bjj J ^3 


P{ kPa) 



P30.17 JSL^ 

^J.Co.' ijr B 4Ja _JL! 4-jjjjJi 4 _jJ-a_Jl ^-B — 31 

4.,U.tlJ UU 4^ Q cJL^ 131 (P30.17) 

U CA 4.,U«.n AE int !3jj BC 
S4jlar. JSL1 4«i_>.LuJLl AE| n ^WjQ3jLujj iJ7 Jt 

4 _5t_.uajJLl 4xLaJt3Li ^^JllLa jLc. J^a 4-ltr. 32 
4 aU-Jl B^t A cy> (P32A7) ^ 


(J2(T) 






t ISL^LuJil JjV ^ LnJ \j S ijui£i Al^qaU 


C™) 


j!j —a _ a l—* (a) +500J j_4> ABC jL uu li 

^ 1 1a <11 ^1 l IL-fll iaI (jPJl <l^LLJ1 

A 4JL>J! ^ya LaJlIc. 4.1a i i^j 

jJLc, JaJi—uaJi l^i (b) 5 C ^Jj B <J5L->. 

JLlc. JaJLjuaJl Jllcl 4. t a a. ^jL-oJ A 4 _Ll2JlI1 
^Ua ill 41 a i «1^j (JjJ-J-lt JJcjIJI jl jJLa La,C 
La (c) S D 4J1_>J1 ^J1 C 4JUJ1 y« .J 2u Ijl 

Ja-^-li i.I a iu^l 1 £~a i~l\ i _ rT HJt 4b11a 11 LxS a 

tj,-c> ji iJl J 3 “ I j \ ajuiC. Sjlj >Ji 4la.t ul 

A iJL^Ji C 4JL>J1 

Sj^Vi 

4-oLxIjJI ILaUJl^y^JL^l &IS 'M (d) 
4JUJ1 D 4JUJ1 {_y4 LIa_}J 1 jJ^ILLj LaJuLC, 
£j ai 42hLlaJI jta a a L_a i +500J ^jC_u-J A 

3jlj—>J1 41 a t iilj-j f\Wi 11 \ £ "i _al—ual 

. D 4La 2I]1 ^Jl C 4 Ia n111 yo h LaJur. 



P40.17 JS£ 

J Lulu I jyk 7.17 ^ ui& 

4jjl_C. 3jL_4J <?1 In t a jUtJ J_a_j>o 4 j^__u1 — 41 

1 ^ L is)$jt J^U-cj 1.5cm \ ^ a m 
4_2LkJI jIjl a .a 1_a . 0.20 Cal/CITl/C.S 

CxjL£ 131 3jij^>JI 4-1 a^ ul4—ulii 3.ij2L3JU 

JAj j>CL 1 200 C jLJt_jJl 4^>.jjs 

20.0cm 4_»^—.xj^fl 2a_j_3c_20.0 C juul 

ya jL^Liil jJLa-aI S 50.0cm LgJ^laj 

.4j^j_sV 1 cJsljia! 


C> U*- i u l.OKg l a.l~L^ ^ya 4 .tla.4 — 36 

>Ia« <^11^ 4_>-jjj .Lie. 

Jo-aJiJ ji-Utll 

4 Jj—^jJl J_*—jJI (a) j_ >./\ 40.0°C 

^ atsii ^uai 4^uai (b) ^^iVi 

4—3—siia J f—* HJI (c) 3j 1^ >Jl ^j^la 

. 2 LikU!i 

4jj1j_>. 3 ia £ya 2.00 ^37 

2aJuJa ,0.40 atm. 4 _kJu^>j 300k ^IjOjVI 
^1 1 (jl ^y=>jJii . 1.2 atm 
jLiil ^<11 (a) LJL 1 * ljL 2 i 

4bLLs11 (c) jLiJl 4_La-^ul^j Jit-«ai (b) 

4 Ia t Jil^-i 4jj^lll 

Sjlj_>. ale. ^LU jLitj j->-lj Jj->= “ 38 

jj_Aj Lq,.i ir La.x- a Aj ^‘ill 4-^LLxllj 373K 

4 lt—A- "t a 3 L 21 (J^-^ 10.0 L^-uau-c-i 

LajI.x n a 4_IuIj 4_>.ja ca_>o jjl- 4 -jj 

^UUI 3 Uij jo«JI uLS 131.273K 

S 3 ^dl (^1 jiiuVl j i j2 a Lo 20 . 0 L 

Q3^Ji3 4-i^j >aLba i ^ r UlL4 jl2. — 39 
^o_j_U— c.j 1 uy— Aj* — c. 

tjt (jru (P39.17) 

^ ^Ia h j 3jjJlJI ^ JjJljII Ji-jJl ^Lua 

«U-P,(V 2 -Vi) In4 



4_aLyi (> ^ j ; II I (P40.17) JSLi ^ - 40 

ilUJl A ^UJI {_ya (J-SHjI jBl! 4 jLv 1 jJ 1 

J^-la —2L! ^J-i aJI . +800J jjS> C 






ISLwUjuIIj ISLutSoXl - JjVf *U^uiJl 


®SS8 


^LLu 4JL>J ijLailu j .<.1 i isnfi 

. (jLuuaJil 1 ^yA 4X. ,\A 



(imitation 

P46.17 JSLi 

oj — bl (a) R ji j— ai 

1/ 4^.4.*» 2^-4 £-jJ {jjo clc. jj . ls\a 

(j^>-<kjj£ua 3 ILL (b) 4-uoj-i 8 

4^u3^-s tyg L^JLo LL in (]^Lua 3*4 
Lo (c) 4 _uo^j V 4 L^SwC^-u 4 uj 1^4 4 JLlL> Lo^Juj 


47 


jJ-£. —>Ji —ua ^a \ 


J-oLc ^A> 


35 bLJ! — 4 4jjij,— >Ji 3j— bUJI —:>.] 

S wL>-ljJI Cj!3 

uiuapj 5800K <~itt j_Lxi-u 3 j!j_^ “ 48 

iSUaJl (.-Lxa.a.i. 6.96 xlO 8 m ,«ti 
4_ijLl!l (> 1-^..^-, ,^11 a_KJ! 

(e= 0.965 ,jj 

L fLu^ai (jyS 4.31 »4 ^c^Ji 3^a Ij^Lu ■ 49 

$ asm] i A-13.4 Jjla- 4 (a) Li dJ^-j jJi3 

j~Si\ .5 Laijla_>*jj > 4 - *> Jo _*—4 (b) 

. oLaji cfii j ji J-3.4J iaja^ cj Laii 

1 oow 4 jjjlb r L^a 3 a -lusx-u j \ i j r c 4_l~— so 

{jr l\ —atj} 4 —j— (JT lx- 2.0Wj_iiij^ 

4->-Loo-4 . ^LloIiVIj J^_>JL (J_3jj 98V^ jjfcj 

.0.90 4 JLl-c L»-cuL 0.25mm 2 4 .L 3 -a 1 ! ^.L «,u 

jl ^ s<~t >1 4,lna 1 j 4.L 3 ai 3jlj_>- 4 _j>-jJ J __>.3 I 

(3683K urO,„ r .r,11 

L&jJlB 4.UOAUJ 4_bLL> 3 oaJ 3^LJ1 JlIc 51 

l3i4=^' U-° £i>-« J' ■ " ■ ■« (jr^ 1000W 

Ijla (jL^ LI ♦ ^ Bj). uu } <4jjJ^ cAk jofVLt »11 

l_4 .vL.3 .b ^4 «.i^VLt 4,3 bLL .x AkJu 

JAlC. 4—jy \rt iit 3jtj_=w 4— j\ J—3—4 / 


1.20m 2 4 -llSlil 4 _J-k, „ 4-jvl' r. 1 . <1 LijJuL^s - 42 
ajU 3^Lo ^^>4 itr\ 4 4.0cm 4 ^. 4 .i 

cpLj —$S jUt-u- 3 ^j_LucJi 

cj\j—>A\ 4 >-jB (jy-Ll —aj . 10.0W 

4 -(3-4 15.0 C ^Jw 1^.11 

<—.4>c^jL>J 1 3jlj_>Jt 
.ajiai 3 BL 4 U K 

3.00m 2 4. 3 _>• i_ uj~a ju-BjJ^^ ^1—>-j r_)-4 — 43 

ol_ ijj _b <j\—£ 13| 0,60cm 4 <4 ooj 

JjUc4 Lo < 25-0 C 4 jerk 4 <i 3jijJ«Jt 
^3-1- ^J5L>- 3jl^>Jl JUuj 

,^n\ ij-A i^j 

4x. 6.00m 2 la^L^ 4 jjIj^>- 33lbL — 44 

i 4 .^ )4 j{ 4 £-UvjJI 2^4 ^ 3 . - a . ^ I o jj-4 

L$j 4 -bLoo 4 _» Lt^uajtj LrviJj^-^-Lo 4.0mm 


j-k^ai ^ 13!. 5 mm L 
. \ i c, 20.0 C 

4_bLLJI fj\ _3 3>l Jjl 


- \j-&> 


,^\jJ\ 

> yA l_4 - 30.0°C 

.3abLJ! jJ^LL 

^j-4 i. ^or>3j Ljl^ (J-uaZoo <..fA 301 -j-4 t ^w>v4 
oL 4- a ,. <.<41^ LiJi ^yu-CJ 4j 4_*-3=k_ai 

ua3i 311 jia-i .(P45.17) 
Lo. 30.0 C jJn 80 C 3 j!j-^ 4>^jb 

Jl_orul 4 In 3~i JlIx. 3j —>J \ 4— >.J J jl 


45 


■ 1.4. 


4-BLLall JL33 u! (Jjljl> 4 < Jx4aj LaJLic. 

^i^~a3_oo5n au. ^j] a^L 


i 

80.0*“® 



Au 


tilstil 

UttUH 


SO.O't: 


P45.17 JS^, 

( jjS tjLc 5il^L<1 j La^j (jLj _l 8' — 

u. 6 »L3 ^5 a^w L <a 44 (j ^3. 3 l3 .a ijrGjlLo 
La c-*3>j l u-u3j 3L L-o 

a^lLJ! JL .3 ai Jj_^_4 (P46.17) 

4->.Li.o.4j a^ju 'i-i^a^L 


ISL^UoaU J/tft Sjlj-rcJi \jJlg. £-}LaJ1 


(TS) 


f^-JL^Jl ^t_aJ jj JlJ<_ 4 jjfc La 300k jJn 

{ja — «_iJI i n ts~t lit Ja^ i 'jl J—*-j JjI—<-*31 

J . 4.2K 3j J_>. ^jl u ^jua 3!1 
jJlc. 31.0J/s*cm-K —jj* 1}U ^jlj—>31 

i43jij —> 4 — >j j j — j ,—* ill J_4_&l 4.2k 

0.21cal/g. C 4 .j r.^jJl Jjl^—>31 

(=. j) -jL-gJI 4_al : <2.70g/cm 3 4_i^l < j 
.0.125g/cm 3 JSLJI 


IjjAjil hj jl^>. 3-A i—llxoijVI j §5 | 

4-al jLj^tlo-ul <Laj^ia^ Jjl jmAI 4_j_CjjJ! 3jlj^»31 

(j\j 2jl^_>31 3,>^ 2jLi.-c. 

1 — o l - u ji $ >31 £jL>3i ^LUj J_>ljJl *.LU 
♦ a JjuccJ 3jlj->3! 4 ]n t »>1^j 43L!o i—31 i^T) 

0.780g/cm 3 4SK J5L. .^L^dl j^l ^ 
.4.00cm 3 /s (JjUL4J j3*CJj^JL£31 J^LL uL-ulj 


Lv 0^ jl^> .2." t^Vl 4iU jJLc 

^Jjuk-a^ 4.80 C jjLkllj J3>3 jl 1! *m 2jlj^_> 
30.0J/S^a 3j(j^>31 £j£. 43LLJ1 jijoa] 

SJjL-uU 4_t£.^lli 2jljj>31 ,^-A La 


> " < tij jl ^ ^-4> C-jLa-i-ujVl J-loJjjJ L£ — 56 

4\<;r J31j_cuii 4_uz. j_ 31 2jl^_>3i ^j^jlII 

oj 1^_>31 oL>jj 3j-^ 3 Tvc 3ji >_r. 

^ E jt_>31 JSI_«JIj Ji.1 Jjl JSi_uJl 

Jj^-L ^yc. 4_3LL <- aI «>»“ LLLu j_il<ujjJL3! 

c_jjL^_lil a_> I _ a jJj—*_4J 3jlj-_>3l 

^ jj ^JISJI J3L> uLulo p 4JL3l2i> JJiLm 
<jL5 jljJLIa nVl 4JU. jJx. . R /jLj-oJl Jjm_a 

Ja3aJi JjI— uJi 3j J_>. ^1 Lv (3j_^1 

4J3LLJ1 AT j_& ^jLL3Ij 

^j)lj—>31 \ — a . 0* 3jlj—1 4L..^ <fl^.5 

.JSLL3 ijc^Jl 


urJLi- 0 jL-c- 0 -° - 57 

C ^xc ^J ^ja=_>31 CLjLj j-x JyJ 300K A-uljujVl 

4_Ll* u£> jjj —uoi ^yJii—^Jjl 4 -Tl* ua jjl 

ol —fi J_4 LU3 J—*J jl—iJ 1 .^1 JL-TuVl 


wLcflLiJ JjLu-4 


4^»jJ Ju £- JjLoji \ 11 {jA ^l^JV 4 jL3 ~ 52 

,U1 0 ^ 200g C*k ±u>\ 77.5K 
qLZ 131.5.0 C A_j ul£. 

^sr jJ JjL.mil 'j\jvj^-l31 

Ll 4> “ui. m ^jJl &LU jlj-3^3 1—a .^LfaJi 

79.6 j .:*- ,iJ<l 4 _LoL31 3j1j__>3 J 

^ylc. ^Jjlu 75 kg <ili£ jLL>31 — 53 

,>U^ .(P54.17) JSLi j^1>31 

jl4->3I &\ .0.20 jLL3!j 4jxVjJ1 (j\j 

0°C iiVpl c^>3 ^331 

LillS3L>.Vl (jc. 4_>oLJ 1 4__ii>.ljJl 4_3LL31 

La . 4_x>.Vjj ^331 JLjl?eU <2.< Cyt/r^ i Jl5 

c-j-sTj (jt^3 La.j i>_c. ^1 4— 3 I—m J3 ijr £t 

1.0kg 




• r: N, 

WH,. 


/■ .f : -" 



i, 






P54.17 JS^, 


4^>l—m aj 0.5m aJ^L /ja lu />» 4 54 

cLc.j (jr ^ ^u.r. 2.50cm z 4 t L 2 a 

3jlj^->- 4_:ai^. JjLi_u ^j) jJLit 4 j Ljj1j^>. 

3jl^—>- 4 >>J^ Ju-C. ^ uxjjJa— jJI . 4.2 k 

1 131 (a) 300k LajLlajq A^uiaJul 

^3c_j>- L>a . ^j-al.^11 L_uj_4-Jua Ui x3l J.l 1 

4>.j 3 ^iLOt j3c_lI u ^jJl ^ jjL ^ l l 

^ j-xL^li ^j-u^aJkXl ^?Jl L- a . i ^aa dj\js>~ 

t^j)l oil _>31 (j! {Jy^y 3 °i 1) 4.2k Lji— lm —a 

Ai^a2l] ^^L31 <-31 ax 11 L7 2^ 131 (b) ^jjujV 



(2bjt>*JtISUaLudltj ISLulSLlI - JjVIc^eJt) 




4 J 3 LL j_yJI 4 _jSLuL£LJU 4_!sLiaJi (Jj >1 (Jj ■«■ a 
4 Jj-£ JLjJ^_>JI 41" \ (b) 

i . iH j&jt S 4 JSj .5.0kg «II 

f lkUi til . 4_xiLljJI ISUaJI 50% 

JL jj < ii ,J£ 10.Os ajJ, Lj^_£i 1 a 5 

La 4 a L" i a 5j 4^>.j4 (^1 (JjjX-J iLOj 
. aj J>JI 4 j>.j^ ajLjJ! 4jL^ut_a jLlaa 

WEB 

«I j —a (^a —L/ ij>-^ 63 61 

Li I 4. * Jii\ jJijj 4.< u 5j~Lc. 3j. * 2.x 

SjjJU! (P63.17) J£2l di^a3 jiIjil ^^>31 

' ijufc (jI^jVI ^Jl J -^o3 ^aJi <Lui4i—4 j11. 

600W/m 2 (jySt i ol^vLcuIl 3 j_>.j ijr Li jjsj-U 
40.0% (jl (j3sj-xj 0.60m ^.Lv3q 

SjJU lx .pill J33 h ^IxaLujJl 4^3 LLJ! 

^j-x 0.50L j —3c_uj (jl .jl r. ^Iu 4—xj^Ui 

4-juIjujVI 43jij_j%. 4_>.jj <jtj LxLc LxLw pU.1 

(pUjil 4^1^! 4xxJi J*aI) 20.0°C ^ 



<£>!>»• ^"J- 5 c4! li^J 

. jLiJI 4Jaml jj JjJuJU (Jit ~u)\ tj\£. 

^y-3 < £jy *3^>j — x ^Jl ~i , X jLJL (j-° *4—>-lj Jj)—x ~ 58 

4_^*j_}j cilj— zzSa —x (_^<u5v. x 1. g tic. 4jlj-La-*_uf 

V-, (^JIjCuVI ikt3jij->JI 

Jj.i 41 J*—jJi c. Pj, Tj 

J£ • 4JLUI CjLLU-aJI jLiJI 4_Lxi-ul jj 

<jiU£jl ( 3 ) PV ^U-Ji ^j-ujJI (jr^- 4-tlx f 

'X-?C-=>Jt 4-J-3 ji-U3 ^_3t-->Jl Cj7 ^ (^jLijjj! 

4oLi_i4xji (b) .JlUjVI ^?c^>Ji V 2 

yj! JoJtwXXii! 4 _l-5 j \>lo 

4. .lU. x. (C) Jl I x? 

ioJt—Jaii 1 ^ .j 4 4 j^JLxjJlijSjJj j 

^LajLxxaJl JllcI Cj^Lj 

4_jJLj. ^ Tj, Vj, Pj jJx. j^JLi-a jL_c - 59 

JSLiJl {J ^s> 1 x—£ 3jja_i 5 4—xj!j—3-5VI 

JjJujlU J« -<3iJl (jr ^Luo (&) (P61.17) 
4__^LLaJI j Li 3 x \—X (b) 3jj J J^ jLiJLl 

(c) SjjjJi J^l_>. ^LLixli 3jlj-^Jb 4-il—uail 

3jjJi J^J JjLtlkll iJT ^\—u2tl 4-iJJuC. 4.xu4^ i 
3jlj—>. 4—. i I c. jl— iJI ^j-x Jj— 4 ^—>-l^ 
p .0 C4_uljuj{ 


P63.17 JSL^ 

4-j^i.3.xX 1 3jJuxJI .(jLiil Ljr^ ^ IJ 

uLx-i ua jjf —oj l.OOkw pUI 4_b_i_ul^_j 

(j\£. JoJLuaJt ^A J3»4.} 

I jj jj 1 Lua (j-x jL»_JS i j (iii X 1 << 

.2.00cm 2 4 1 ]n 3x 4 l>.L_u-x cauls' 

j-j.r. CjL>»jJ 5 jJii ltjj jLc_*_3j JjL<_iJI plil — 63 
♦ 4j tLi.j ->-X I ilajuuaJI (jJ^- 100 C 



P61.17 JSJl 

3j^ /)] Ct-L^J JljJl>JI 4j?e-C. ^.Ir. ^j-i3dj-X 

£jill ^1-am i^U jVjjVI (^C. gjllll kiJK.3.->.yi 

Cj-> 1_^ Ijl .50N Lfcjlj_3_x 4jbc_fcjt ^Jcxt-uj 

(j5ja- L> 4 u J1 J]j-u t _ jr 3iJ I 4 J, i j XI111 4-Cj. a all 

u-^^wl (a) 40.0m/s L x ^ ts\.m Cr 1 ^ 



ISL^LuJUl JjVt t ijitf ^aaf\ 


(ns) 


^£1 Cjj-^-uaj I i _ 7 Hi I J_jL>J I 4±£ l_x. 


.4USJI 


4J3LLJI JJuw /_^uLse_xJi 4ll£ jioLj 4 -lLuT. i_Luaj 

ja j i ' * ~ \ \ 3 w^jUJ 1 ji-iiij 2 ai^ioH 

4JlkJI j-jJluJIj AE int 4 .aItw 1 jJ 1 4_*sLiaJl 

4 2-lLsJ U a ( j H o JU AK 4 Jv u l U J.1 


1 .6kg 4_jjj J_ -lL>JI ^jjo i (b) J_j l^sll 

2.5m/s4x.^-tou Jlj-uJ j 4^j 3 ju c . 


. j. 4-x^Jl 4u*.jj wile, ^-ul 3fcl3t ^y* 4_JLxi3 ^JLc 

4.i -jj cJLU_>.V 1 c_xj_cuj ux_*mi t_ 

^Ut j^L>JI tjjf-ul sc. ill 4 

u«.*£l A a: , A£* n j, W , <2 jju>. o 

(c) 4 jl<tt!1 £juk J}L>. ^uLrt_i]| 4_ailoj ,JuL>Jl 

JlxC. 1 - 6 kg l^ll^ ^j^L^uIt 4ut_ii5j 4_^j^_tlu 

4_y uj jJjJu Cx5jj 20. C 3jlj>_ >. 4—>.j_i 

L,. lAUs^a ^^_^.T 4 __a, 4 ^ 1 -^ 2.5m/s 


L-i 1 , .... *3^i^_:>Jl 4_^.jj ^yiLO-i Ju G.J 4-1^1 

Jl 

JuLoj !jl * 4£Jj>J 1 uiaji /_^2 d5K*« ^Vl 
.BjJuhJI 4 1 Uj ->JLt Jcaxx/jJJ 4^Ua 

a J-U jeJU Sjlj—>Jl 4u>*j_i <JT -5 ju_i_lll 

J>i—i- —a- J^J A K , A/? mt , Vk, Q 

.4..U.1I 


LT^ k»J ) ^j!jJu>J J-u^jLlI JauuijLa — 66 

JuJlL£ Jj-L« * aa tuJ ^ dilj 
d^j. <-* 3 0.480W/m.°C ^ (P68.17) 
JjiXI .21.0cm v ^<1 1 M 2 (jlj. i ^fcll iiL» mil 

4jLLaJ J 4iJ Jx>-1 3jJ_>-j ^jtuxlaJI jLilL) Jj 
jl ill jys a j— j— a JSL! l —£—jU tj LT i!l 

jLL<Vt jjlx. L.. 9300K cal/m 3 

1 ^ U j »l jL_*Ji £yA 4— I —a£ L ll 

Jjuit 3jl^—>* ur^ J±-uzscAS 

3jlj-_>Jl 4 —o_jL_^ Ijl .25.0 C i^jl —cuj 
^L uAVi J^t S 0.0°C JjjX\ 

^Lxt-u 4 lrn.t/1 Sjj) <i rt M 



^uiuHll 4_ual£J! <j\ 

jLiu ^ij JjL-txJI {_ya sc. ull ^ 1 ju 2 l) 2.17 

4jIj^U i 1 1\ .djt^->Jl CjL>.jJ j^uuv Juil 

Cuj_j_>sj 0 C 4uvj J JluC, ^U,l £yt 1 1.0kg <>i 

•tUI 7 ^ lfl*« a 1 ■ 6 .3j—3 

ju^ ,Ul >■ jjl CaJU 4_C.^_tuJ (j u i u $ J LI 

*L/i ( jl M ) J ..O ~> U ^.j—>Jlj ^J>CUJ 

4_Iulj r,4 to 3jlju>J! 4u>.jJ j)! 

JluL>JI 4 l~iA jl J 7i a um ,^>.1 0 C 4u>.jJ Jlj£. 

. 4jlj^,tr> i »Vl 0_»^J 

^y.Ui J-- *\r\W (_y 1 *Lij — 64 

4JU JuL>Jl (j^a 4 ,ITlS^ ^1X1 jys 10.0kg4_> 

.t—0 ^cjJl JuC. 0 C 4 j>.jJ Jug. j)ljji 

J^uu JauiiJl 4—>.jJ dcuauu^ 

(P66.17) 4-?c -lu J 1 . 4 /»l~ •? >- ^ 

3_.>»<*. it-i j i^Ji J_L=> 50.0min (Jj( 

50.0min _ > ..^L^ ^ j.^ll 

2.0°C colj 60.0min 

il^Ji ..>1 .( # U^U Ju^Jl J*Al) 

. J. tl^ll 4 jjIji1iV! 


rea 



(jjLsJlII 4Jn$ (a) : Aj L*> »t^ . 4 .1 i 4lt in 4 - 65 

4^. JJ j > i_ us L^jij_>. 1.6kg L^jjj 

^ lr. jJjuJ cAji jJl-uo < !nj_>J,! jt I I Sj l^y>* 
j 4uwjJ >-1 iC J-lUJ! q-A 4_u_lL> 

c»a. Lilliuu>-Vl <<1 < 2.5m/s 4_g.j_ui 





(SLjjijJtll I S Lu i Uj JLUj ISLulSjjIt - JjVl c.ljjaIjJt 


IP§ll|i§| 


n 



P70.17 J££ 

UJ 43 UJ! Cil_pLLJ! <> v t£JJi i^jl£ [7T] 69 
uuajj 35.0m 4_uljkuu! 4-ij_u! ~u 
4 <.In i — 4 l—2.5m ^y-LvIjJI Lt^-laa 
1. 6.00cm \ — 4-^-4 — im 4 Jjl— c, 3jL«_j 

.4.0x 10 ~ 5 cal/S.cm-°C _»J! 

4^>.jJ (^JLc. JoLuaj^JJ (ji_2t_^ 

1— 4-juj 25.0 C 4—^j-5 .Uc 4 LmLSLII 
L>a — 35.0 C Juic 4 _u_>.jLj>J1 4_>.jJ 

(jLi* <<41 JlJu ( jr 3Ji 3jjL_oii jl Jl a a 
i u ! j .3 j!j^kJ! 4^jJ lJ ^3 JS^-dJl ^ JJk 
(68 4 _!L^o-4 ^3 l^Jj cAuzy (jr^^ ^-iLuJi 

4j^_>u i _ ;r 3 4__JLi!! £jLUJi c-JUo — ^0 

4.0^1 1 (jufljJLl c.iA-c^i^> 4_^iL4-ijjJL^ 

70 C tLjU 4 -uIjGjV! 3j1^_>JI 4jvjJ 

0.400kg *U! 4i^ 

0.040kg 4X& 

0.63kJ/kg C 4_Lc.j-tjf 

27 C 4_uIjuj 5H 4_>.j j 

0.200kg 4lr^ 

66.3 C Jaulitll 4_ul^jjl 4a>-jJ 

4_j_C^xIi ! ujL<-u->J fiJJb 

(jl l^lc ( J- wn -' >vJ (jyXll 4 

fjy3 4jj Ji-U 4 a j rttl i^ya %15 JjJ-3* <j^j 

.1.17 



P68.17 JSJi 

4 j . La > SLLjJua j— il^ajl 4_>.j_i JLuC. ^L-o 4_fJj — 

4 —Ciilo i jj 4.0cm 1. —fji jl_lL>J{ 

1_4i —10.0 C <nij 4 < >13 ^11 

Jl xl>Jl 4 .Ui u jljjj Cr^ (j- 4 ^^ jt J^Lo 

4J1 «_uJJ <?juk . 4lb j stJLaj $ 8.0cm (j^\ 

(4_JLl!I ^3 14.17 4 ]jL*-4 \ ■>“<* t\ 1 

«-U*L 

dt x 

4 be j. j-all 4__sliJt (jy 3 £)1 

As-u ,LiL>Ji 4-3..^1o dQ ^m j)-4 

l^fC.4 am 4.3.1I0 4j^imi 42LLJi ( jr 4> X 

p cu . ^ dQ~LpAdx q\ ^1 ,1 J^Ji (j-o dx 

L J 4_>-Lj_iiI,l A 4_^i. t l. 5 

. 4x>alS2l 

JlxC L La j-u t4_ g.j. <1 a 4-jljka^l — 68 

JU.C. ^>-jl_>Jt j ^ 4 — 

.(P70.17) J &A T^ Jii 4_>.jJ 

4j 1 j) (jlja-JV 

(jl (j-u <t__i_i^laJl otj—pLllt Jl_ 4-A>L> 

(^t (^^yl^-ijJl ^l^iuli (j^a (^jl^)^>JI Jj l 

; i a t<~t 1 oUo! (^yja (^y^-jL^Ol 


dQ 

dt 


= 2rcLk 


T„ - 7i 


ln(Z? / <a) 

.dTIdr ^jb —^01 ~.alaj •>- 

j lo all i a isi ) ul_>jl ( _ y i (jbj_tuJ! (jl 

a.U x 1 a 4j] J l-i.- 11 I VjL_>. (j^> OJ_»_) 42LL11 

(2jzrL l 1 t . r . a j£jji 








ANSWERS TO QUICK QUIZZES Stupa* OljluiZI ftUj 


^ 4 4»L?c— c. (j! Cu_j > (3) (4.17) 

Lr^! 3 ' Cy 6 4-^' kill a "i >1 Cj 4_c.j_t.uj 

Cu.> . Q —0 3jlj__>J! 4 E i tii jj f Lk_Jl 

^ » ini' Jju . V, 4 —uuil 

u 1 ppp AEint = S — W u^j —<j> 

( _ ;r 3 & 13 -^ 21 (jij • Lo>Lkj! jJjo u_j^ 
jJj JujO (JjLiIu jL»-jjV(b) 4 jjIjj>. 4j*-j.} 3 1 
2u ~ 4_3LLaJl jallijJ! Qja j! ^Lia_Lll 
(jLit-uoil 4.1-i i a ^LLI ^J( 

ui ^P" (c) u^-p-.p 0 i4 ~«j o ^ AE- nt ‘ 
iLSLUJ JLfllll CjjLaejV L_!^_ujJI 
4j^JI cjL^ .Q =0 a'4 fllsjJI cr 1 ! i? 

(^Lc y. i r« Jj_J o_^L_J' dP upll 

IjLjjlj 1 5 *\ 1 il Jaa^JU CjUj^-s. 


^UUI oV.jja*JI Ail(a):(1.17) 

j 1.1 (4186J/kg’ C ) 4_x-c .jj 3jlj_a. 

4 » 1 ~n ^3 3jlj—>JI 4_>-jj ( _^3 (J^i aj _t «~i 

juj_>J) j<j (837J/kg- C) 

juj _aJI (b) (448J/kg-°C) ^L..^.;ll 


jjlJj 4-jxjj *^kU 1 jEvjJk 

3jl^j >Ji 4bi t 4l2—lii! 4 fiLLa-H il a 

,4_i£.jJl!I Sjlj->JI £_-e 1_,^,112 

Cy> f l< 2.17 1 - 2 ,.u (2.17) 

juLia 100”C 3jIjj>. 4_>.j.$ Ju-C. _J! 

cJj^J ^£Li a_JaLkll {y 2.26 X 10 6 J 
. 100 C 3jtj-jv 4_>.j^ JLie. £.1_a jSLti 

^J| 4i»LLaJ1 ^j-o jJ^3JI IjLA JLa-jj Julj 

4_>.jJ Jiic. _J1 L_^jI _tlo^a ^j_uu Li!J lL»> 

.JJjlLx ^ t^lj j 1 tM.i 11 a 100 C 3j1jj>- 


AE| nt _$ oS W 

4_ji_>.|jJl 4-SLLxll ^5 2 Ill . 4 _JLljj 4 j 4 ^ 

* 

bjb j j juaj t_jj < imU (j$£j Jw^Uu 

t4 _uLuJ 5i 4jl^r, B 14_usj_d£j3_iI 4 _lL^C.. A (5.17) 
4jjLjjjl 4j 1 $ r. Dt 4^iL«jjjj_i! 4 _lLqx. (c) 

tJi-3-j ^jij»j>- JjLju^ ^1—^ 3!t (c) (6.17) 

j_>J! 3 j1j_ 3J! 4-La.t-ul jj 4-^LLJI Jl_3_ibl 

cP! 


{J7 ^ j-JljJI (jij 4.tAiiJll (3^0 * E ,A ,C (3.17) 

{jj! .4^EuaXl 42LU1 4j_4^j 3j!j^>Ji 4_>.j^ 

. 4 j c.jjJ 1 3j1j_j*J 1 t— jj.1 a A ^-4 U^uUlj 
4i jjj^L j-lm 4 j. r.jj 3 j!j^w 4i ,Ui 

• Jp 


AE 

W 

Q 

j*LLaJI 

oVbtJl 



0 



+ 

— 






^LiiU 

4x.j^oJ 4 jv|jJ 

+ 

0 

+ 

^_3 f-\ -U" 

^.1_4 4_) _ 3 - (1^ 





3jij-jw JLlC 





J—4 4_Sj—*jl 





• Sy* 


+ 

0 


> _ \j _jj jilj_il> (u 




uj-^^- 

,j_jJLl (^Q 4^. 





jjJu 4 iillJ £ < a "j 

Let *(3j JL -^ LuOl <.u^.j 

L^jLs oU!^_i_>Jij 

Lh^ (jJl 


i-ki5v*4 JjL^iJL] 


r<i_J_Uj>J I Ja^JLi 


t Jurtrttl llli& (j^.'*s’.UJ 


77ie Kinetic Theory of Gases 


f & ,yOj 

18 


.4jal 30 ! Itl jj jlJs 5.18 


The Boltzmann Distribution Law 


4a. 




- 1 


6.18 


Distribution of Molecular Speeds 


<la_ 


uijUl j- 


a>JljL 


at 7.18 


(Optional) Mean Free Path 


(? 29 ) 


1.18 

Molecular Model of an Ideal Gas 

jUtil <L _ Jjll 4o_cjoll 3jt2.18 
Molar Specific Heat of and Ideal Gas 

^imijUtfl^2 LjLu.sV1 GLUjJI 3.18 
Adiabatic Processes for an Ideal Gas 


4 4l Ult igjl mlt.ljj_ 

TheEquipartition of Energy 


011 4.18 




ISLwaUd Jjtj tSLulSLdt r ^Lj-uaJi 


CjI^jjljJ .1 dii J (j7 3 


BjUJ jl J.i ~ i * ■ 
d L t L^-dL 


*2LJliU oljUil LLl^j^ 3 u.~u£.-^-o-uLll 1 ujLJi 

4^jJj daiudaii^ jiLa 

l Uri3 < *' iU 3J^ > ~£- A iS_f iiXiA (jyLc ‘-dijJ^ jfLaj dili jl jVi jA-di^jj 

J ClC. 4^^cJJ jj^-jj L/^3-3 a! jjj-L jil lJiSLa1 JUai . CiLLj^J u L t- ^x J ^Jb 


■ >: {j^3 ' O^J-* J ^- 1 4uSLi..a Liu d 33 ^!I CjLlUjiII ul^) j! jw^ 4 jC 3 <v^>J. 4_j£_uLLj_u1 

interactions ji cdu_>. ; 1 n 2l 3 CjijLiji dJj-LcoiI 4. i.JoLjjil CjL>JL*JU 4joLj.*i J 

.3jucL>Jl ^L^-Vlj 4Jl_>. 4-jic 3 A La>a ^ACi udjuus! 4jjLiii 4iL>Ji ^^3 CjLuju>Ji j-U 

Kinetic Theory of cjijLiii 4 _^_>J! dLa-<-ui.lj cdljLiil di^JL-u jiAo-i 4 _JL>JI 4j^L> ill 1 3 tL 

£A ^oLuaio LA L^j^i.-^lj ^jJi ^Lc^j! jijjL>. j _4 <^\i}Suc- (J^Lju jLiii oLL j_>- gases 

43LLlil 3 CjLljj-Ai 4^j-_>Ji 4_3Uo jl ^-UO 3 d 1 - 4-11 4-Jj-LAl &JuS> { jyA^ Li*-xL p-A>\ jv3 JjJ JL 11 L^uajtJ 

jx. LUj ^ d l LuLjjA Lt_uLt-u! Liu In 4^_>JI a-j^Laj j i dlili ^Ji <.. ^ -i^o i . jLLstSLLa ^jLiJi ^LLiil 4-AAjJi 
jjj>sVl oLL^JL 4 j jOLualo 4-xLua 3j^ ^£j>- ij^ uluu CjijLiii ^dLa-lli Jauuu! 4 j>-jJ 

VI l^da t j; ^LsV olAj^Jl jl hard sphere model adoAl 3 ^SJi .^Lc^JI <jljj^. 

J.-p ■>J BjjJI 4jjL>. i oljUU i.lrJL3 ^j^.u>J.II Idufcj • ^jiu^llLi ^jLjjV (jij *Lo! 

jJlLo Id j 3 * \ CjLujy-->JI (J^ .Jlt-V ^ya d-jVj . daJLS < 1 _JL .3-3ji 4,3Uo L 4 .~j. 6 LL> 

4LipjdI 4-khvljJl 4^LLail (jy^ *^^2 jLxout^l (^ 2 ^ 

.CjLa^>Jl (d '- 3 4-jj jijJLlII 4 £j_>J1j 


MOLECULER MODEL OF AN IDEAL GAS jUU 

4jd^tj jJi s, jl ^J\_U ^ I J. jLiii (jjJjSi .. 1 M^jyLxA £-jSojA 1_jLJI Sj_ 4> 1 Ju-d-u 

i Jui> La£j jLiii CjtLjjj>- ^jl iai ^3tj <iLc.^ii jjljJdv (jy ic. jLiii 10.5 

^>-9 4ju-uoj j^ysjSuL.} i 1 JJbj * j., ttiC ^-lojLlIi < >L_Ji ^-ij)5v 1 11 JJ^LU (wiix-ojii j) ^jsj_4-lil 

: Cr^ 

^t^>- jl 1 juij. UdLuV 4 ,j< iulb id>- ^ cjLLjw^J! ij\j 4^L_ail Txj-u^d>5j oLLj->Jl jjlc. • 

. 4j^Zbt2 j^jJI ^Lc,jil 4ijt2lb CjlLijj>Ji 

jl 4ajij). jujL <uKj J> i<~\ 7\\j 4_ulj C, di^tHj 1 ^ j*\ 13 . 4 ^ 3 If jjj-uj (juij-di ^u 2 artj djLLj-j>Ji • 
jl dlijt^ (jdi^iLajj .Ecjual Probability 4 J 3 I u.u>a oVLjd^L ^L>oi ^3 di^j^iij jl ^ -i l a Tu -uj ^j^Ji 

/_- r 6 jl l .CjLL j_>J 1 jA_s d_sJ- j>u (_jlii CiLadl A^aajj j^a j_ajJi cuLld e-jV CjLcj-cuil ^jji 

4diL 4-Lt.uJj 4l A°t u 1 4 ...uMia Oj.yy'i 4 fr. j. , 11 j CjlJuj^Ji j->a 4_Ljjt_s 4 JL4.iL dij-^lij La 4 _Lij>J 

/ 

. jA_u V! jA-i 4 L < ^i^lLa 4X.J. uU dj^-^illj 



(™) 


LjtjtaU ASt JyalUl ^ua^t 




4^j_>Jl 4_3l_L> tilij ^Lu( , L^j^J1jc_3 s- 1 -C.jJI jlju>. £-^5 Lg is\ *-i jOl-iga-Iu • 

. 4oj Ij 4^j_>J 1 4 j 

^jJLl 3jjjud ciilujj_>J! y\j ^jl^J1 pl_u! Ijlc. La LgJL$_&j 41 ft ^£jJdl • 

♦ ^oLu^.H cLo 1 \ $ t s\ * n jH LUj Cj Ljj^_>JLs 

* - t 

^liii Lu! ijr Lc. . L0L4J 4_ljL>iax 4 jI!u 3->‘ (j! i^l jlr. j)-& Jj-uail! jl-*JI ® 

^JlAlt jl—dl 3^ *rl>* n J jUJl tiJj.1 t-u (ji ~<-fl j tji l-U£U- i otj3 (j5^^j 4 j l 

4^^_>Ji ijr ic. jJii I4J /j_u_J 3U1] 4 _;UJljJlIII^ 4_u1jjJlJ 1 . 4uia <i ^ill J^jJuuaJI JlIt. -Uuw jJ^Ldu 

♦ 1 » & l^Jj 1 n i 1 n ^ y < 1 1 

4 4 **- -w Ji.|.j ujUoJ^I N JJlC jj-^s i^j-il ^litl jl-dl >k« 43 ^-Lc. q oxLt-uju^ 

jl_>.Ij ^ol uaj r <)tit .(1.18) ^JSLzu d 4__£.31—j-Luo JSL-JJi <-<**\& *L_c.^iij .V 

Vy $ 1)^ ^Jb ^3^>J! 4x.j^_u Cilu^xj .-j^J.I^1? ^>Ui_dl <>L>o! ^3 ^ jJ! 4^>-jJ! yza V uJ lL!jj^L} 

4 4 

Ljj_a LoL ^5 cLx.jJ1 j1jl^c_j ^3_>Ji a, V laa^aJ LaJuUl ./?? ^—a^JLi ^£3_>dl 4 !“<£!■ 1 um *_jLjJ! IjlA ^3 

x <Li$>Jtl 3)j • (2.18) <1/ z, y cjL^jII 4 ^.j^u ^l_>ul ^-uluV L.^i j_> 4-c.^^all 4_^^o ^L^u! ^^a^L*_u 

*(jr^ &3^>di 4^^^ 4- t -c ^ ^3 ^-xiaJI (3^1 *^-^1 i a*JI JUlj (—WTU^) (jr-^ ^£^>dt 4 ^j>. 4 _l^L 1 



A/7 x = -mv x - (mf A .) = -2mv x 
(9.9 4jjl_ft_«) 4 jj 13-J^ 4_pi£ —^_3jJi 4_jj_Laj ^! 

•61 

f]A/ = A/? t = -2mv x 


L 

C^j^ 1 


6^-dl <— ‘s* 18.1 6^-^ 

^J1_j— c jt_T- ^Ic. ^j.. 1 -seJ d 4. t J.ua 


^LcjJl jl j^>. L^j Jj j! jl^_a Fj o i -v 

Lu! (jr Ixj (1) mil At 3jJ-3 

(juiij j->5 4 _u1j 5^->s > ^JlIcl^u j->3 

^3^1 .X J^JLI ^L>o! 2d LajJl3 431 < iia ^lr>JbV jlj->Jl 

At— 2d/ D^. : yJb ^lr> ««ll j_4 i^Ti fj\j 4_jJLo3Jl Sj^udi 


: ^3! jua3 JSL1 (jr^- ^pJJLl Sj-SJl iU<ti j^uz A t 4^HaJt 4_tl4j Cr^J 




-2mv r 


-2 mv r 


-2 mu: 


( 1 . 18 ) 


A/ 2d I v x d 

iJT £ jt. \ 7 >a ^^L*-u3 jtjU>JI 2 ^ 1..-<1 cJLill Ld-tla 

*■ »L>ijV 1 ( _ r 3 LkjLixSj (1.18) 4 JjLuo 


F, = -Fi= - 

‘(j'-^t^) 


-mv , 


mu. 


J 




_ L^a Lol 2.18 ^ 3 ^ ttl 

4.. l X .<iL_c.^jl £-a 

foL^lll J—*_t L#&L>j! i_y£jL <-J 4_i£^»- 

(^3 . j-j-x^j L^J cj j_^jV y 4 _^I! La Lu 

i_£j j —3t—lb —^J! -«1)i lj-3 

-xy 


IS^iSUl-JjVUJ^O 

.j|ju>J! ^^ylc. F| 3jJL jL*J! olL^rf^- L-' 0 lSL) - ^ 
f^jSb CjI—L jj—:>Ji <la^uul^j jlj—^Jt S’j-jJJtt F 4 —j1£31 3j oil ^j 

.j!j^>Ji cJ^. lSj^ J£ L&> j3jj { £yd\ 

r. m , 2 2 

^ = - 7(^-1 + ^2 + -•) 
a 

A-ZLy. i a ! X j^—>JU ^L^ul 4__A_^JU (j7 _a U x j 4J^LjlU OJlA 
2 X <?L>ot ^3 4x^ftii 1 1 (jr^ ^x2 *0) 

wLjv^J 4_jj Ota •>- N i <J ua.i LdJu C. "t nj . ijifLfcj 

J I Jl Aa <l^LMyLc <j1 XJ>0 Jiu, Lo3 . £>>» Af XJeC 

: Af 3 Jl*J X j^>JJ <?L>ol 4x^-i.uji 


y 2 = ^j 2 + V x2 + -- +V xN 


N . 

jljL>Ji (_ r l£- £p^U 4aiSUI 2pil! (jjl 


/Vra ~2 
F = — -v r 
d 


Pythagorean ajjLu^ v ? ,v , v x ^ <c^_^ eaLu?j_a fr Lcj)l <ya Z$y=>. ur Li jVI 

^ir. ol3jJLl m uj Ijl^J jj^-o (j-u Joj_P theorem 


2 2 2 2 
U = t> + t» + U, 


1 ^iU U z ^ >3a-tJajj^j <:Lc^JI ^-4-tB >U jm^jla <jl5 


: 43^L*U 


2 2 2 2 
u = v r + u v + v 7 

*yc 


4jj1 tit"t > o ,Dy^ ,U X “ : CjLo^JLI 4la^4«^2ftJLI o\^ ^jj C. 


l-O-Xj 

^2 _ ^ :(jl Jl>o 4_2_'L_aJ| 43^L*JI Ijufc 

(JT& jtill *Lc^i! j!j^w 3j3jJl! 4-iKJi 

_ N (mv 2 \ 

F -[~j 

jiju>JI ^ Ll j^JJU JsL?tji 1 .<^43^L*J1 dllj ^IjLtlLt^Lj 

T 


p -I-7-5(7 ml ’ 2 )-5(w"" ; ' 

p -f(l)(5 m? ) 


( 2 . 18 ) 


(tm) 





( 733 ) 




Ludwig Boltzmann Austrian 
theoretical physicist (1844 -1906) 

^jjjuc cjLq! 0 Mil <d (1844 -1906) 

Cjljl—ill 4 jj-.Lvi 

Clijl aoJ^LIa 4jji^_>Ji 

CjijLjJi 4_£^_>Jt ^a 4 -jLoL 


Cj11j 3^>J i 3 Jl^. j_> 3 ;_ -i- 4^ Luj ibit xiail £jj (jA_u <j?r j Vfll 0 

4_J1 21 ?Vl 4£^_>Jl 4alb <-L^x^jILg £_>sj 

JL9 .^liU jliJJ da^jJ.1 11 IjlA 21 t"g\ . l/2mV 2 

4-j-jj)^ i «jj-£Lq 4 t-b_jj2 <Ual_4> £_jLLj If- l il i ^> •> ■ 

. <b t ,i^~ljz 4jj2 4..x^ C?VJ <bt 

^JLaJIj cjIj jJI ^JLc. 4^_tfL»_u1 4_a}l_c. • \ 2a o-* 3 ^ 

• <i jj L2JU j LX! 


> J^ 2 —>o 1 —£jI 2.18 4Jj 1—ftJU (j-^o iiLi/C 4 \ 

^Ji-b 3jljj ( 3 >k J-^L5 . L^a^ju t __ r lLl 1 JojLloJI L y^\ 43 - 

4_j ^j_2j 1— <5 3-^3 ^3^ 3 oLby_>JI _}Jl_c. Jojj <j 1 *Lc.j 

<j3-b .* 1 ^ 4 !Li ^jLu_a]l jlbj Juj >2 J^£- 

g.lj) ^51 oLJu^~>J 4_oJl 2 iiVl 4 _^j_j>JI 4 _ai_b 3jb)j jlb^i 


. 42jLua3-VI ISLuKJj ^lc. j^inj r ^l\ 
4l^»j *LlS 1 jlb^M 7y3r MMJ LgJu£. .ibjj 


4_3.jJ ^aj cdjj £^33 ‘(J-4-5 Jljlj 1_jlbVi 

jib)?! <j3w|j ib* j-A ljufcj . ^.l^jJl \jjt 


Jju 14ir, ^xij b<^ Jjj-a 4i!jjj ^Lul jLLVl ^a Ouix! 3^ <ii <nil cjLL .^.1 t>>l lla .4_L^L 

^jlIj J^LLxi.1 3jl^>. 4_^.jj ^L22 jIj , JalLi^U 4 _jL>-I jJI SJaLLaJl j^yj Lc-a . jLLVI j-±*^ (j^- ^-3 Lj JjLCu 
^L 22j^/I lju4j *c>.j 3 -j ^ 3 ti^b 3jlj^>JLi 4 _bLL> ( JL 22 jI 4 jui 


Molecular Interpretation of Temperature 2UvjjJ 

4a_^im 4_2 jj2^JLj 2.18 aJ^LaII ^ tJ»-4 Jaju (jl l i -t £ ,« _i 

PV = jN^mv 2 j 

(10.16 ^L«) (jJlili jUil 4JUJ1 aijU^ iijU! »jjk ujLil 


PV = Nk B T 


.CjIjUlL! ^ Jus'Ll. 1 ijJjl 1 iilLi d ^l."l I 4_iL*jtJI ^jli>JI J^jj/Lul 4jiu 4Jl^J1 4J^1 jlx 

:<ulll!l 4 ^>LJI ( _ r Lc *j (j^la^Ltll (j^a (J^ j_y^ Jl^JI 3 ljl u<i 

2 


T = 


3fc 


■(> l,2 j 


(3.18) 


4alb t bi- t . ^-4 uLa>5 i^yj l a 2>a 2ji^->4! 4_>.j^ 





ISLuUjjJIj ISLulSLdl - j/Vf £^ch) 


4_pjpj 4 _JLojjV! 4_olj^j>Ji 4_£^>Ji 4 JsLLd <j-u ulaj^j 4_3 ^Lc. Jl_>.^j /jl 11 if*. 4 i 3.18 4_}4Ljt>3 t_x-u^3 SjLcLs 


lmv z = ik u T 


(4.18) 


: i_>' v x 


2 =W oh 


2 ,,rt/ “ 2 B 1 

2 ££3“?"^ 4-JlIiuVl 4£^_>Ji 42LL> Jiau-u^ILa <ji 


\mv x 2 = yfcB 7 ’ 


(5.18) 


2 i y cr^ ££3->Jl 4 £^jv <j! ^oxU-uJ 1 \ t\ -cj <^jLL> 5 4Ju^iajj 

^mv y 2 =\k B T j jmv z 2 = \k B T 

4_alc AJu^j j 2 kftT £jJl 9 jLstU AsliaJI LijL_uILo ijJ l$ i. ^ajuolJ 4_xJLSjoI 4jjj>. 4x>.jJS 
liJL 1" ^ui-ju (jf LUSLajj (4_3l_io u. ij^C- ^alaH .«uj ^Uli JjjdaJI JJuC. iJ7 -L*3 4j^_>Ji 

Theorem of equipartition of en- aJLLlU ^L^rdt 4-^ 1V> ^ 4 ^- . i 

•^1 (ergy 

^LLa-lJ I 43Ho k B T i CjLv.j3 (J£ 

a tin *.11 l£3-^- 4 J 3 LLJI ulajL*J oL!ijy->2 1 ^y-4 jj^-*J 4, i lfC11 4_JlJiluVi 4j£j_>JI 4 JsLLd 

olljj->Ji ,^a N jjx. {J ^ 18.4 4J^i* 

= Ni^mv 2 ) = |MJ = ZnRT 


(6.18) 

\ l 

4 ] Ijl2. i~i r I IliLs .jLiJI o^?j-c 3 Jl*J zz = N/N k $ c-uiiJ k g — R/N k LLqjlV.~u.«>1 

18.6 43^L*J! t ifi (ji l.rX 4j 4_Jla. 4$^>Ji aJsIAs ^ y&j ££js*eJJ AsULaJI <j-a Ta2 3 J^>3j 

4>.j 3 ^lc «lr><i4 JlxCuu jLiiJ 4.jl^l jJI AJatlaif <jl ^iju . jLiil 4 j1.-k 1 jjl 4 _bLLx!I {jC. jjlxslZ .11 

j XAO.4 4j^^o-uJI *.U^t31 jO->J! ^C-t-uJ 4x.^-t_aj! IJ Ju>j 1^ 

'IojumSS £jjX er *-u > llt jo>J! J(4.18) 4JjU^ (root mean square speed rms 

z^jlj L^S 4in 


v„ 


1 


3 RT 


m 


V M 


(7.18) 


(7.18) 4-3^^*J.(^JkJtlLcoil jUJ! ,3^0 4JuS) 4_d^U 4KJ1 M Cup. 

- 4ip£ji Cjljjj-pJI ^ya 1 da-t-u^oli 4_r?,i4.->Ji Cjll^pJI uii^tTu 4 _>.j 3 Ju£. £j\ 

'j / 

(j^SLj 2x10 Kg/mol 4^1 ^ y->Ji l.^ xln 5> ^nii j-j-^JI cjl2jy_p- L^» 4_>.j^ jJr. 




LjljlAtf AS1 ijtuC 

^J^j->*^ .32x10 3 Kg/mol 4_tl^ ^jJi 1 4_c^a_u _)j2j Oi IjwX I 1 g'iCj-t-U 1 ^*» < ,• ej~t A 

. 20°C 4_>.j_} J_2e CjUu^aJI cJiiH>3. 4 la t 4x.^uoiJI £-j^JL jJi_>Jl ^.i-4 ^ 2>* j (1.18) 


'W 

m/s 20° C jLic 

J>t(3UIS 

g/mol 


V 

rms 

m/s 20°C jlic 

JjltJUSS 

g/mol 


511 

28.0 

C0j! 

1904 

4.02 

l>o^JjJaA 

494 

30.0 

NO 

1352 

4.00 

^^oLjA 

408 

44.0 

co 2 

637 

18.0 


338 

64.1 

so 3 

602 

20.2 

0*2 


j»^cLtA2jj1 ^xlu\ ^^.18 4)12-4 

jLc .^ys 2.0mol {j^£- \S 3^ j> ^ i 3 0.30m 3 <!.,•» cjLj^JI_ 21 ^2° ^jLstHu-uj ^ ^La 431^ la i u 1 

4_^j_>Jl 4_sUa jl J_3_c L_<a ( 3 ) jLi_£ iilL- < L-j 3 ^ gfl (jl .20.0 C 4_4vjJ J u£l 

jlill CjIjj^J 4 jifv Ji 4 _lII_ 3 IuVI 

T—293k , n=2.0 mol c~^i>- (6.18) 4 JjLl>s ^\ 

£ trans = |nRT = f (2.00 mol) (8.31 J/mol • K) (293 K) 

= 7.30 x 10 3 J 

4^hJ! i.ta.<.o s£la JtJLa Lc (b) 
4£j^*J 1 4i*Ua ; U i itC^UZ wl>U (4. 1 8) <LUo J->~ mil 

\rm? = §& B T = 1(1.38 X 10“ 23 J/K) (293 K) 

- 6.07 x 10~ 21 J 

£-}j-a (_yjtjj^i!l jj_>JI (Itlc: 4.00x10 3 kg/mol {J jb . j • lj J^l /j \ ^<ilc. Ijj 

.20°C jlIc. ciiljjJJ rms 

1.35 XlO 3 m/s i2L>b.Vl 


1 jLIi-l 


jLLq*2I CjL 14 ^-iJa-i ^il J-UOJ *1^11 OLuJ^>. 4e^_i_u tla <-«j3Ltt 4 l>.j 3 wile 

Ijl . 4_uli!! ^j-4 ^3-^* (jr^ 2 jaeaJI J s » «j 4_e^wu*Jl LiJj-3t3j ^£jJI . 4_ul2jl 

j- j_e Jain] jl J^_jlILcuj I3L2LB jLiHeVl ^^ t-£U3 


(iLjjtjj&f! ISLwLuJjtj I SLu t SLAI - JjVI 



MOLAR SPECIFIC HEAT OF AN IDEAL GAS \2.18 

jL-iJ CjVjJU {jjQ n JJLX. 4-3-j.i £J3 jJ 4—aj^L!! 4j9LLaJi 

uM- - L 4 ' ■ ■ «" > Tf 4_a.jJ t_J\ Tj Sj!j_>Ji i>° 

4_il_>JI ^1 4 _u1jlL)VI 4iUJi /)_<i jUJi 4f»LL« j jLcull 
j. aJuJI {j\ Oa-JtJ CjI A *\C. 3Jjlj LJtLa Liii j ^_ 1 I 

. ji j^lU (_>^-> 4J oLlojtii (AT-T^-T^) 3j!^>Ji 4^>.j_i (jr js 

CjljL_a-a ILWjLj 4_dj Jl t j^L<u 4 j>-j_} j_uljJ 1 ^.mit 

L£ (er^-Aih^ jV^ihj') >^1 urJJ f>ijj>J> i>> 

4—<; j _5JI (jM-iu !—gj AT(jl i f t _ L >- (3.18) JS-iii (jAj—a jofc 

jig mi 4i 4_tl>-i jJi 4BlkII j-jjloJI A E*^ J C-iij i -iu-il 
^jJju 4jjIj>j>JI 1 £^LjjJJ (Jj^t (jj-iLai! oljLcai! ^ 

^y-A W tjL-4-JU ~i Vb <, idjustj 2 Q = AE-^j +W 

4_bLLxJ! <jll jLuxii 1 t nil 7 cj ^JbfcJcU di_>o 4-^LaJU 

# ( 

l_B^_1>.V Ljuxj I 4 I g aB cUxifcJ Jj 3o_>-lj 4 _a_i_B L 4 I ^.u J 3j!^_>Jl 4^vj_i (jy B lrt_*_/3 J 4^j>Ui 

* e _ %9 * 

j-± x A 1 j ^_?cj>J| CjLjJ> j-uu j i L» frj lcja-ii 4_Ae.jll| uBjju cJjj-ijj t J 4 I . j L cui.1 

4_OCjlM ud^JLl ui^ui . jLiil 4.J.. 4 ^j l ..ii^LLc ^tila 3/0 ^4) oV^i! J JLC. <jl Clp-j. ljLo 

♦ IrCLdlljl (^Gb^L*JL ir G j l xu l l <d^jl\ 4-Jjil 


{ys JJ Lrii l ^yil—L-ya jl_C. (3.18) 

Lr^l ^ ^ L * i - 

(_yA T+ AT 4_Julc 

. 4-t3.l~t.-W. 43 J}j_L> o)lj 


0 = nC y AT cul 3 ^ (8.18) 

Q = nC p A7 c^l3 .kJu^ (9.18) 


CjLjj Ole 4_Jji,i 4 j. .c. jlJl 3jij-_>JS ljy Jt C p j ^c-?c->Jl ol jj ale. 4_Jj-U 4 I e.^l! 1 C v Ca ^ 

* 5 

^.». t.~» (Jjua 1 tlajf 4 -JLWl jJI 4aBl_Io i-LaJuJaJ! CjLu jLc. LoOle, <JaJulaJi 

4- aL> . 1 aJ \ 4_bLIo 11 ^yB 3jL}Jt jl J-2lA ^Jj4—H3 OjV p t ~,t S ^_xj) ^jLh 3 ^ 0*^1 * ^4as->JI 4_^_ q _ T u 

odiaij Jguuj>JLl tXa i 1 4ja-u j^Ui 4 <"v!i ^c. ^>11^Ill 4.11.V<i,l 4 -bLLjJI jia_l^jj 

• C v (> C p Cy>j Qf- ^ I> 2(PoL5 £/.) J ! 


. jLiJS Cj1uj^>v 1 4jL2l}^l 4^ja>Jl 4BLLJ ^-ul j3>a ji-lli ^yB 

4^j-4tu 4 \n f\j~X 1 4_BlIail ^13V ( j r 4>^ tSj-^ ij^ 4JaSJi jSj-jZ 4Joa3j—4 4_t£j_>JI 4 bLLJI 6J ufej 

104>J . 4ia£ U \ y£,j^A ^>. 4_u ju OlJ \ 4^j_>J <L±i \ 4_^a>JI ^><3j) I 4_>. j (jjE 1 3 4_JL>. i aJ I I 

L)^ o'^j'' a ^ 4^a->^^ 4_jjJWjI sl~it.it.iJU ^l ^ <vlll ^jV CyUj-ij (^>^1 




LJljliif AS jskJ t %j tuc- 



3 ju>.|j 3j3 tjy i^ . 3jjJi ^Liuj j^l 4iU ii^-cuj! Vjl jJjLlUt-w ula 4^_>.j u- 4 ^ 

^JjIluuo 3j4Jl jLc <bLLxH jJu 3 4_3LL>I jLd . £)^>.jVij JlLa 

* 

<Ltll.Ii~.tVt 4_£^_>Jt 4 _bLL> 3_iijj (^yjj L-ijt Jj 43LLall 4_3 LLxH V—La t^oJl OjIj 

(ji Jc>u (6.18) 4j_ii*_4 £^0 . SjjJt jLc. ^^3 43LLJ! >lan.>J <L2b^JLa LJLlA (j-u-Jj . CLstjjJJ 

!^Jt> 3jjdt J-i ->.j ^JiL* jlc •j-' 4 (rf^- 4 ^ jt) Lilaj3_>Jt -j^o N JJuti E- n j <Ltldl 4 _lLUjJI 43LLJt 


E ml = ^NkJ = \nRT (10.18) 

4J!t^o i ^ £ X-U 4_3V—*Jlj daJk °> T 3jtj-o*Jt 4_>.jJ (_y3 4lt_i E-^ 3jjdt Ju-ljvj ^Loit jl .tit 4_jsf Jaa»V 
4_3 3 L*Jij . <-Laia3 T 3jt^_>Ji 4a.jJ ^3 4_H_i ^t-ILa jt-il 4 jl^l jJI 43t_LaJt <LgI_£. 4uLuajj .(10.18) aJ^IaXL 

. -L*J Lo£ jt-ilt (jr^" ^-**-*-*3 ^-Laj-tuaJL! 



£)t Cxj_2cj jl !—■oJuj JoJu-ual! a Ij L_aJlIc jL*U 4_tL fc - ! jJt 4-3LlaJI j. j.V~3 1 

E iri t J2 j (b) E im jbjj (a).“5 4.18 J£-4 Js T j^J! ^4“ 4 jU*II 

. AEj nt 4_bl£ CjLj^Ll/i V (d) (_yA U£ Ej n j (Jlaj (c) 


4-Ll^oI^j (Jjt-J* Jju-aV 4JUJ1 cJiJb {jy 3 uli3 j-xj 3jlj^>Jl La aLIoj ^j 43 Ua C-clZbl Lit 

W = fPdV = 0 ot^-fU^l' 

£)i ~L>U 4jjlj-3»Jt li-UslijJll! <JjVt (JJ-tUi]! <jjOJ 


<2 = A£ int (11.18) 

^3 .^.UaJJl 4_jtI jJ 14,3LLaJi u-uiliJ 3jt^>Jl 4la<*/l^j 4.1 S.! t It 43Halt ^j! ^£i 

A7 j f 4AI4II! 2dUJt ^yjt i 4ojtjojV! 4JUJ! {jja LLulii Coo 4_tLui ^_LO^>3 (4.18) (J£-C*i 
4j^mi ^3 8.18 4_3V—*Ji ^j- 4 (2 jtju^a JV—a-Lj .Vi ^ j l^r fit (j\J 5^lj_>JI CjLjvjJ ( 3J™ 3 

:^uLa 11.18 

AE^nC v dT (12.18) 

jjyij jUU 4jl>.S jJ! 43llaJt 3 ^ 1 4lul!i 4 jJ^ 11 4_t£.jJj( dol$" Li! 


E mr nC J 


3Ju_Ax_ j| SjjJl 4_tJ jL>> i f.\yj-u 4jliU 0 I 3 UJI ^__uaj>«i ^jJLL-uj 4jjijtl.i oJJty 




l£ut£d1- JjVlft^Jl) *b«iN 

4_jJjJU 3jl^>Ji ,\c. j^L-ULoU 12.18 4j^L*-o jLseJiutu! LuSLqj . 4_l&LlLo 

IjyLi Lafs .^?e->Ji oLA 

(13.18) 


Q = 


dE, r 


n dt 


J^LvLj 4,1-i.uIjJi 3 J-uru L& ^jdi ji-il! L^alj LlLuojj (jr^ ^2LlUJi ^JuSfcJLutU 3^J 

(ji j^>o 13.18 10.18 4j^ 3- x3 4^%.!jJl 4^lkii 


C v = \R 


(14.18) 


Cy 4 jJjJU 4ax>jJJi jljLaJi, 4-4 _j3 j^Lsju 4jjUii dJuAj 

4 _*_uLail ^221 L^Loj 3 <>j33l \ oijliJI Cy = ~ R = 12.5 J/mol.k 

>«Ji CjLjvjJ j^ya j - ± -i £ [S^—* (jr^ 3.543-^3 ^Ju-a CjljLiil 4_Jpkt 4_j_C.^JJI 

.(2.18 J^) 

s* 

<J^L> (jric- *4.18 (jSLci (jr 3 ^Jb L<i-^ CajIj JaJUiiAt 4 _xj3 1 >f Ijl .< u a JL>*! 3^ 

* 

.AT jl jJL<u LuIj 4jv.jj j^-LP j L oi-U \jjt 

31 Lu *Q — wCp Ar {jr A 4 -tLu*Jl ^ju4> 3^-*4' lP! 4_lo_ia>l^j Jiilj 31 L r l - = y-^ 4_bLLxJI 

2ajL-uaJI IJl^-jq jjb P c^_l>. W —P AV 4 Jjl-lj ^jJi 3-*- x -“ u 3 \ 33j *4^1 4 .*H ojjb .a 1. 23^ ^>-^->21 

. 4aLa-*Ji aJu. c. 03 Jo- (^jJI OjIoJI 
3^ 4 -tl.4 * 11 AJL^l (JjVl ^IjLSCJjuiLj 


A£ in t=Q~ w =^c n at-pav 


(15.18) 



5ji^_>2! 4Irmri3Liii «—^Lt-caj t _ ;r jJ! 42*1121 4JI_>J1 <?jla 

# # 

Lj.^jL>. '^Jt-Cu 3 ^-^ 

4_2L2iJ! B^Lij (jr^ - (3k2iil 43lj)U t til ^ Cu. all 

jwLilli i > f jJ! 4^lkjl ^-JuJ! 3^3 *31^41 4_ t l>.l jJl 

^ 1^. <j-*»^4 aI *1 AEj n ^ 3V i > f 4j1a4*J{ 4^1>.!jJ 1 4^LL2i (JT ^ 

jl JuaXi i^yUU l^J A T 3V Cpl^-0 3lill 

iJT °i 4jf PV — nRT 3I Cx-p- 4_flLu^yLs 3paLa-*Ji 

IjLifc 'P AV — hRAT vl^>* i>>!l ciLjj j^q ^33 o l j. 1 .^. ti l 

S vA j:/-*/cui5^ A£ int =nC v AT ^ 15.18 ^ PA^J^jij_JL! 

3«2j-iV 4 jV jLiil 4 _Jr>-1 jJ I 4^UaJl t 


3jIjj*JLi 4^LLJf JaLu 4.18 ^jSLtZi 

j jl m> o 1! . 3^! 




( 12 . 18 ) 


wjfjlill 



nC w AT= nCp AT - nR AT 


Cp-C v =R 


(16.18) 


J-&\ Ojlj iU« i<~> C. 


4-djJJ ;jI '{JAjJ 'CT^^ 0 3^ ^J_3c_IL_uj 4_ljL*_U d Jl&j 

.Cjljlii! pistil C-ulSIl R jl JiiLqj C-uij C-«->o 3ji^>JI ,jyQ 


18.8 lj7 s ^Uojtll ^-LgJi c*laj LS dsljLii! <UjLlU ^jlaj (8.31 J/mol*k ^) 

. L*£ Cp J <+ £ ^ylaju (16.18) 4JjLa>5 3jJl!1 ^jbvi ^JliU jLii! Cy— R q 1 6j> 

Cp = §/? = 20.8 J/mol-K 


j 15 itm/> Cu_>o BjjJl jLilJ 4-J^Xl 5-ji^L>Ji Cp 


Y L$J dimensionless L^J jL*jI ^ 4_u^ I La 4_u_uJJI 


= Cp = (5/2)/? = 5 = : 67 
C y (3/2)/? 3 


(17.18) 


SLfllla^l uitjUtll 3LJ1 <LlC jjll (2.18) Jjib> 


(J/mol-K)* iLut>1/13jl^>tJl 


Gas 

Cp 

c v 

Cp — Cy 

y — Cp / Cy 

Monatomic Gases 



He 

20.8 

12.5 

8.33 

1.67 

Ar 

20.8 

12.5 

8.33 

1.67 

Ne 

20.8 

12.7 

8.12 

1.64 

Ke 

20.8 

12.3 

8.49 

1.69 

Diatomic Gases 




H 2 

28.8 

20.4 

8.33 

1.41 

N 2 

29.1 

20.8 

8.33 

1.40 

°2 

29.4 

21.1 

8.33 

1.40 

CO 

29.3 

21.0 

8.33 

1.40 " 

Cl 2 

34.7 

25.7 

8.96 

1.35 

Monatomic Gases 



co 2 

37.0 

28.5 

8.50 

1.30 

so 2 

40.4 

31.4 

9.00 

1.29 

h 2 o 

35.4 

27.0 

8.37 

1.30 

ch 4 

35.5 

27.1 

8.41 

1.31 



300k jJLc. ,111 l Jl£.Lg (*) 


(2b^^t ISu.UjdNj ISUtSUl-JjVU3*ll) 

l^_5i V] *2jjJl 4jjL>.! 0 I 3 UU AoLftjJI fwali j-x I Jlx>. (jLLalu y , Cpi/Oj<a*\H ^uuiilj 

3 * # «. 

CaaIujoI Cy — 2 "/? 4 ^ ^ at! £)j £-3! Ju4>j (2.18) ,JjJL>. ^_kul IwL-jiLG CjijLiJI 3 Jl2u_) 

^LvijJi tyfaL^Jxll 4-aj^il 4 j.rj-lll 3jlj. sr.ll CjLsI— us)(l Q^*} .SjjJi ^JLSi! jLiil 

4 . 3 X. jjJI 3jlj^>J^ ^ >-<, I 15 ^-5^j 4.18 ^ 1 -i.u-al i ^3 . i JLjJLjlj 1 CiLlj^jseJJ 

BjjJI SJuJlC CjljLiiJ 4_J^X! 4-tC.jJJi 3jlj_>J I ciU jd L«_ijj> 4oi>*l jJI 43 IL 1 JI (j I J^>o i_3^_i_u . CjljLiJJ 4_J^1I 
.CjIjjJjScI] 4_ujujuJi 4£^>JIj 4_ulj^ajJi 4£^stU 4jac-pj CjLsLusI {jj^juouu JoV 

C-u»o 4~d^Jtl 4aX.^Jii j.x£\ CLajIj J^LiLua C-o-u CjijLxll 4_JjJJ 4-t.c.j-lll £}l 15jL>»j 

43i U11 (J£j Jm J, \ ujV dulj 0 >J ^53 ^IjJI CjI _lL» t H 4 j1 £y£. jjU 1 Jufcj . Culj ^-^r_•>• 

C-} 1 .j \a til l 4 Ij. n jUlU (3jl^u>Jl <L>.j.}j) 4_lLv.I jJ! 42lkll Bjtjj /JjLLcuj 3jIju»J| 4-la.^l^j 4ld5ill 

*LS! ^UaJJI 4j_L_u 3 jIj_j>2I 4 U m/1 4.LLu.U 43LLaJI ^j_x3 duiS <b>* uo dou ^5 j 

^^511 Julj-uJIj 5jusL>Jl pi < 4.1 ">■ VI 4iU ^3.4_3l_LJI cfllj ^y> ^ n J 4 . 3 I 4 f- 

ijyj j.j.xiuZ JJlaxII i A->- \j± it us (J3^4 ^1 h <11 4i ^4Ji J-i-GuJi jig It a idulj il^» t‘r> Cou 

. 1 ^ -cuJ \& 3wLcL><JI ^LLjti^v.^0 ^)Li^Lc*iiLo C\j) ^p 

f ^ jXjJb 2Lj1^ t^ A a 1 Ui ^ 2.18 JLI 4 

c<->o 3^4^ {yxtu I3i (s) 300k 4 ^>.jj jSc. jtc- -j - 4 3.0mol ^-1^- 4 ji) 

,500k ^Ji 4jj!j^- 4j>.j3 ^Juj3 (^^3 ji-iii {jjJj 4la-<-al y 4lo!llU 43ULaJ! ^ .lLuIj ^y>- 


Ct j!5 ^x^>. ci^>o 4_tLutiJt ^ 


Q\— ft Cy A T 


AT— 200 K, 12.5 J/ mol’ K <_ ;r A jlil Cy ^ji 
g,= (3.0 mol) (12.5 J/ mol- K) (200K) = 7.5 x 10 3 J 

4j>.j^ ^G3jm dulj JaJLuo Cuo 3jl^->J! 4 U f <>l^j jUH ^I {jGlIu i_u?cu ^lli 43liajl ji Jua>3 Lo (b) 

,500 K ^l 4 jj!jj>- 

Cp= 20.8J/mol*k j^>u 18.2 pijGcii-L^Lj 
Q 2 = nC ? AT= (3.0mol) (20.8J/mol-k) (200k) = 12.5 xl0 3 J 


4£jbj^jVI 4jl.q,il a ju4 jlill 4 U I III (JjJuIl J» ilill j! JiiaLo J 

W =Q 2 - Q x = 5.0 x 10 3 J lul^t 



ljIjLjlU 1 unit I 


(3) 


^mijUll 4_aLu j'Vt uLWl V yB.18 
ADIABATIC PROCESSES FOR AN IDEAL GAS 

4_3LLaI] JiJLal 1 ^ j. 4 <*£iJ V 4_i Lo-C ijr A 4-_j3L_ljJ^I 4_xLo-*JI 6.20 a nil LjLa-j \ ,a ^ 

# 

43lkJI jLt3-4 £)p3 &J-L-& 4_c.j^_i_u_} 3 ? jLiil ijl yLL*3 4 _j Ja_jj>JU dn < 03 ]I 3 ^*.Ua xil £jAj 3j!^j>JI 

* S 

4__ul_uJI 4 ^L^jl! 1 * ^~L». jj-^dLua aI^u-uI^j £jL>JI cr^l AiiLlliU 

4_j ! J_wo AjJLajjVt 4_iU_*Jl j_jJ l_jj ^ 1 la xl l 3jlj-a* ^jl ^JL*_> <jl i_^_ 5 tj) l—u^Jaj 

(Jj-uailjJ L L^LLli i.a odjjUJi 4-Jl 3 j3_H ^^,3 CjJlJso 4_tla*Jt 0ju4> ^ja>3 (tfji^aHi 4la« ui^J 4 J^S_Lq 43l_L> 

* * f 

A 4 ♦ tla ^>v-U <ta.t njJl {j£- i-Jjl^JV (J jUJ \j->- £yla t!l 3 Jl^4.Tl]1 i 4_^jl_U^^I 4i^i] 1 ^JllLa 

. Jaa^JLl da ^UaJ £j\ j Sjl^-adl 4la lm\ jj 43lla.U ^JjLu 1 ^.3 4_il a-T ^Jb AdaLo-O^i 4jia-*Ji . 4_aLc 

5f * 

^3 3 UJI <jl 3 \ m 4_da-*-lS <J3L>. 4ia_>J ^1 y3 .^Lul _iJL cj 4 jla t j ^*13 LlIIILo Ijlx. £)t 

da_i_-uait (jAJ <L33L*JI ^ ^ *4^t_i_3t_u<a PV — tlRT <JL>J! 4_!.}L*_-a aJL>. 


.4JjL*_LL ^laju 4-pLu J^i 4 _lLq-«JI ^J^LL 4la->J ^\ ^3 


PV - constant 


( 18 . 18 ) 


{3j_sUs ijr 3 AjMdjI Ol^ t JtJlU (j! J^j>o (jr-4J - 4_lLj_jlJ! 4_IuIj L^jI ^yoj *i tfj Y — Cp/Cv O. 

. 4_ajl_u_iVi 4oLy»JI ^Lui ^_jjlu 7,V,P (jr^J AjJlill CjljLiil 

-; 4 -uLlj^VI Lj U JUjJt ^ PV Y =constant ji cji-pi 

#= ^ ^ 

I 4 la ^ 0 I 3 J 43Hal j JLLujI 3 J J 3 tJ V .Lijtjj. 4 j^^_JL >3 4j!j la i a\ (j7 j^ LuLbjl jLiJ! La JlIc. 

• Q ~0 (j 1 (jj I Jaa^uL i 1 la < » 3 JI j j Li] 1 

A>-jJ jJn^all j jr Ai_Lx]J j-i* "i 11 J idV 3 _<b ^j?c_ 2 k ]1 ^^3 j..» i^all £> _ r <kLim 3 j. *7*11 
SjI^^k]! 4-^.j 3 (jy-L^- (—kS^Iu 4_iia.tjJi 4_3HaJt Cu.% . Pdv jLiil^iUjLj jJJLoJl . dl 

■jAJ 4^3_JLS33^^^ 4 j.L> ».l! ^,3 j^-x -j j-Ll JjLc- 4 JJualll 4oLui ^3 4_tia.l jJl <3l_loJl ^^3 j-JljJI .»la34 

<i£j n j = nCydT (12.18) <. 

^^3 ^_j—uoj (2 =0 ^j! Oj A£j n j =2 ~ 4jj(j__>J1 LSLu^jLjJlU (J 3 VI ^j^jL^Jl J—>u ^5 

:4-JLl]i 3j 3 ^a l l 

dE mt =nC v dT=-PdV (1) 

jl^o PV=nRT ^lill jlili aJUJ! 4J^U JSJI j^L 


ISuSISbO- JjVifjjJt) *b^urft 


4ju^u/ 4j^m 


pj 4_£ij> <n i <0>Jj.3 jlbl ^3 j^a-si 
(J-ua—Hi! —<LlU t_3^_b <j iu t a —><J 

S Ll>-L<_u ^tt-i u~> 1 t jIX * ^^bjb*JLi 



3JLX-J 4— AjU -*J PV f-mj (5.18) (3^ iU 

aJ^Jt Tf < 7- ib. -%.V 4—jul-u^I 

4_iLul!I 


PdV + V<//> = n/?rf7 


( 2 ) 


(1) <]^LjlU ^j.4 L^U-1 a) (2) dT i yc. "IL 

7</V + Vrf? = - — PdV 

c v 

PV ^^JLl 2Jjl_*JU IJ7 ±jla 2_ft ui S_ij Cp — Cy — R (j! LftJJ 


dV rfP 

“— H- 

V P 


(C P -C v \dV 


\ 


dV 


—^ 2_L _ (1 _ y )2_L 

c„ v V 


dP dV n 
— + y — = 0 
P V 

Ln P + y Ln V = constant 
(jf (18.18) 

v 

PV ^constant 


j it. 5i PV (jr Js^Jia y > 1 Ij-Iiu (5.18) J53 il jj _o-Hl! 4. A* *\ PV ^-3 .•> < a 

Pn 4.3 Lb ^Lb_ill 4^LoJ^Vi4_tL^jLii i Ji^jt_j l j r a . iJJ l'LajHajS V \ JJL^Jlll ^-bcJui t^)t JL^cjt 

L t_ u 1 >1 br« jUJI) 4 j 4 5 AEint Cy 6 <3*^1 *Jo_i_«^Ji 

. 4 t jjLlj_}V! 4_lLc_*J 1 f.Lui Tj- <7 i 2l^_u jLi-Ii (J^ < OJL_u 4 _i*£ l i *\\i AT ciD 55j (4 -i 1>3 jJI <03lb L^ii jj 

. Lubjjl jLiJI >b t iP> 13J Cy* (j-u5LtJt 


’.(j! J^o 4_uL^lll j <Lul jJuVI (18.18) 4 JjL*jQ ^ 1. X yrlu «b 

p.vy = P f V^ (19.18) 

r^JLili {jr^- (19.18) 4 JjL*>j jjjli <j! LuSLcj <uJliU cjtjLiJi ^IjiieCL^iLj 

7. V.Y-l = T f V f y l (20.18) 


^ 3.18 Jilt 

4 — <i sc. -^-_a 1 .0 atm (_yjl J. IbVl 4 _bi —us 4j1jU mi I ^3 20.0 C djl ^_4 >.j 3 UIr. 

4 -»x 3 j ^Liba jL^ <^LLui-i jlili Vuusj^ I 5 L 3 .60.0cm^ ^jL^ill «L 4 _?c^. jLua_s <>>. 800.Ocm^ 

“* / 

. LuLu^t C^ 4 .■> ibLaxJajVi 4 _aLc£. (jtj Y 1 L^jbuU 4J Y 


(zs> 


ISjsJ I t 



.*. 1^11 4_uL^JJ! ^L^UI ilr>» 


ol _xj>u 19.18 4JjL*II ^1 jlV~ i <>Lj >cW' 


JvA 


p f =p i\77\ = 0-00 atm) 




800.0 cm' 


1.40 


= 37.6 atm 


^ 60.0 cm 3 

jLc. ^ u~j i ^ 1 u^i'i PV - nRT jjl 


PV 

l r l 

T 


P l V f 


P f V < 

T ( = 


f r fr r (37.6 atm) (60.0 cm ) 


PV 

l v l 


, (293 K) = 826 K = 553°C 
( 1.00 atm) (800.0 cm 3 ) 


<LjvL». (jjj (J«.~ i~ij Cjjjej i_aL£ JSLij Jjjajll ‘til Cr^ Jui-uaJlj 

Spark Plugs j 4-Jill 




<GlUt OLT^Jl . 6.18 JS^ 

<l_JLHjI 4_i_j| jj_> (a) SjjJI ^lu 

4_t 2 . ll . -> *! 1 Jy>. 4ojtjJJ (b) 

• 4_ij jj jj 4 £j_c>. (c) 


Sl^ttalT igjLuul\ 

THE EQUIPARTITION OF ENERGY 



^jj-cj ^ jm \— lm \ 4_j_La!I oULui^V! ^ji 1 ^ j .& 

(jiijJj jJ! 3ju_>.^ diljLill l£]^1_i_u (jtf*ij 4_J^i! 

43LudVIj *.^2.18 <JjJlj>. ^liul j SjjJi SjUJlX. kii^Lut j->3 

4_uc$J IjlA ^L)l •V’tttfL <L?r‘<r<xa!l 4-4 _ulJI ^j| IjJl>.J ^JJ 

q\ j>- jJSjJLs j^tsl ljukj . oljLi-l! j__ujj>J 4-jjl <»1a Cp — Cy — 

„X .4 1 tj VLd jjfcj ^J< till jjU jo-alt \^XJb 

cM 


oljlill ^ Cp ,Cy fuJi <ys 3 j>^' cM 

* i «s * * 

Jd IS\ A JU ^)! t— L-XU 4j^L-Th.i CiljLiJI 0-4 l a . j 7t ti 

SwLp-jJI 4_£Luo^M oI Lj^aar i Jl 9 <jVl 

<LjiLa1jVl 4^0-^ 1 4^3Uo 4 _>oLj jlii! 4 _Jj>-I jJ! 4^11^11 

4_JLojjV! Cy 6 oLbLusI q x; i >\~n jLiU 4aL>.ljJi 4^LLaJl (jl 

4_ulLijJllij 4_uijjjJl .CjLx^jscJJ 4_uijjjJlj 4_uJjJclJl-) 

. 4_JLS1jV1 4^j_j>J1 l^I jjl q*\ <;j CjIjj^c_U 


statistical mechanics 4_uLu^Vl t£^KJLl ^ 

oulj-2-1 rt_i CjI ^ .j. tti ->J1 o_4 \j j 1jJl_c t tl 

. 4_j^>21 CjL>.jJ o-4 4^v-jJ 4 _>-Lj!1 4^11^1«) 


lSL-UjJtJlj ISailSUt - JjVUJftJt) 


(jljjVl 4JL»- Js <j| equipartition theorem Sjjlii J 18.1 fu«. > ^ 

# # 

J£J 2^bT LiiA jx SjjLs c a ysz* 4jj4>JI CjL^jJ <jx 4^j_i 

dll — lJ JoJl i j r h ^ J_-5c^_iuJL I Dumbell jAjos jdi 4 — I^UJ 4j1 — u j_r*~ {^^Lo jl_£L 4Jlov. Ju>. [ < i a 

(jl 4*^X> ^^-5eU (JxjJI jJijx 31 i_LA ( 1 8.6 lx^) ^Li.u.:>. VI ^l_Lti 4 

.(18.6a) JUl z, y, x oUUdVI 

-(16.18b) jSLi 1 $iiaju {j^£- SjxLux jjL?tx Cj)1j JJ-4? l 3 Cr^l ^LuoVL 

\jjt> Jjo*. y IyCO^ 4 -bUoj I ^IjJl j j i^i al \ fj-t- . Yj^sz-a Jjo*. (jljj^Ji (Jx-gj (jl ^ 

( Jjl[C. (jGjjJI (jl p-C.t ijl *Z<JC (_£jjj^x 4-uljjjJl 4 ^LLxHj 4jjLiiiL» L^lLoki (j£x-J oLj-4^ jj^JH 

. \j-ou^> ^jLuu Iy jl Juix juJU£. ♦ <l~i2 ) -jSLilu 

4j>.j_} (jfi (jl tiUx>- . 4-uijj jJI 4iij^tJj jLijij 4 _JLiIjV 1 olSj^ell 4jj0 :4 j y>- CjL>-jJ j j jj 

^UV3 4_j 1^.11 4_tLi.|jJl 4-3llaJl (jjt . (J^J 4-jslGl j j>x ' Jl < aji^rT* 4 jj->J 1 £ya 

;toloj^Jl (jx N J^C. <jx (jo^u ,j 
£ m ,= 3N{\k B T) + 2^(^bD = |M b 7 = f«/?7 

. CjLu £x 4jJ jit 4_ui jii! Sjtjj>J! toL^o-J 13.18 4JjL*xj 4 j3c_uJJI <?JlA ^ jGr.^ lo (jl Lu£x-JJ 

C v =-^a- = -—(-n^r) = --/? 

v n dT ndT \2 / 2 

C P = C v + R = ^R 17.18, 16.18 

Cp i R 1 , An 

y= —= 4— = - = 1.40 

C v |/? 5 

j>—t.jj tiU3 (jl VI .(2.18) ( jr s ^LLukll SjjJI 4_o Uj uoljLiii ^Jl j_>3 ^_4lu ^jLull 

^3j_cx! 1 eo j^i j3 JU^vl tj^C. 4j>oLl 1I 45LusVi jL.LtC.Vl J^-G Lul C o^- 4244»jJi jaiJ 

(jGowj^ <oaa j^cl! 4 uJ ljJL uI I 4J^o>J!j (6.18c (J^-lu j-ia.ii) ^^oslj-ILsI tiljojjj 2 ^jOjJ 

2>! jCoal (jylc u-iJuJujL (jLtLioJjJ.1 ^oJojJl 4 bLIoj 4Sj->J 1 4jllo {j£- (jOj>oU t4_j^>Jl CjL>.jJi (jCU^LGj 
4l\Ll\ (jl ‘ “ > 43LLGJ a \.i ,I~I 1 II 4j j .laJlj 4 ^Lij—oill 1 jl-» 4jI_ 5 (jxj . 

jrtjjl (jric. (jj^3 ,*£j^fcU 4aLw|jJI 


E m = 3N(\k B T) + 2N(jk B T) + 2N{{k B T) = fM B r = |n/?7 


^ao>Jt CiLa jx 4_Jjil 4 t tCjiJ! 3 jIjj>JIj 


Czs> 


LjjjliU f XjUiC. (JuUlft 


: '• f ••'• fcV' ».'. 'X%^ , •;', 1. •' 


Jjufc-i l ji^a (2.18) jJtbjl N 2 , H 2 CjLjj^jstil <LtL3JtJI ^<1 J^IuV 4Lai-ui 11 oJufc 5?j 

. ts> tl ^yXjLu\ ^.ic. ^Lu^a^-lsl ^jlII ^o^axII 



a^JjJU Sjl^l (7.18) JS^l 

.3_)1^__>JI 4_>.jJ 3 4 ]Sj^ g_^.l 1 

tjl tIa~vV . t _ 7 Ja_3 V! —-t_aii 

• 20k -tif. 4jl_i_uj <j 6ixi J_x^]l 


ji£\ objujJI3 Ljj_£j U^4 ^rGj j ijfja jj£\ ^yXiL 4jj)~ ^U CiLl^-acll 4 jj—>JI XJ-C- 

^4 4 . ^21 3xJl J-4 J^wtlaJ JA33 4_J^0 4._l_C^J Sjlj-Ts. <ii!j ^j£L * i^ J ^ K i 

I jLAj 4uL>.ij AjiLLs {_yA 4j£L4J 4 jwLoXI CjLvjJ JJl£. jljJjl 

•30$ I oj\js>. ^1 ^Jijj tfj^JLi 

4j f.jjJI Bjl^Ji ^j^sljI i^>- 3^1* > j. nuAi ^3 C1 Jl-3 4l\U\\ (^jLuutll 4jj2iiJ ^ji LJjIj Jl2J 

* 

5jlj_>Jl j -Jol 1 1^j<<1 3~ 2aju ^2 l_£jl V! .^jy^JI t. L^ls^Lc^ jliil oLlij-^ 4_2^1I 

Cy ij! JL>U iBjl^-^Jl 4j>wjJu j -2la]1 IjlA 421*1 - 3j i^jsii CjLwjJ 3-tJLJ £_4 4J3 JU 4_lC^J I 

4-^jJ <33^ yi? (jy-lJ iJ-^j 3I ^1 LjJfcJj Jl 5 ^4J 750k ^IL>. 520k 3jl^>. 4 j>.j.} 3-4 -y /? 1-Ajl J lLo 11 > 
^xXy\j 3^ 2t5 oLj juj3 <3 JLLa ^y-xjt j I ju&3 .(7.18) 750k 3jl^ v 

4 ^j- ^- 4J3LL2 fejjxll l«j Lc-4 2 ^ Cv 4 4-i 4 250k 3jlj-^>JI ol_>.jj , 4_*__3 j^JJ 

. A ,>»k•*- /11 3 j|^j>J1 C_lL>.jJ JJlC. t,I^> 34 4_JLnljl 


AHint of Energy Quantization ;^3UaJI S U+Sj & JLo 

4_jLL^ ^JljC ^ 3j—A illaJl cdjj j-_j_j-u-3j 1 ^ 31 ttilll 33-5tJiJ! 4j^tu ^L>o ^JuC. u-u—<_u]i JjJ 

.4_uj3j>Jt ^jJtHioiJ UjJlIc. 4.^J<<>5i^21 ilu^li 

3 L 4 SL 4 {Sj—>- (J^ 3Jdi - lfi» 4_J_b C JJ_ g V?l ^yi-ulSL-Ud ^ ^3 - 4-5 ^1.1 3e-Lu-ul J ^ ij ^^32-4 JH<I 31 

-Jj —4 4_uJUJlxI! 4-^LLail CjL^~ < u a /j^Q 0 ^ 33 ! ar*“< * ( 3 Sj 3 3-i-a 4 4 -^llaJ! ^aj -3 . Quantl/X‘(l 

. 4^j_iJ! 4 ^jJ Ja£. 4^_>Ji 4^Ua ’bj - C aC . j^\ I • 





%'& Vv?I iSLallj Jl J Ij iSLulSLdt - ^LajuIaJl 

cjIjlvV 4_asKjl 41LLJ1 (jr L^ju V 4 1 ^) 3 sc .Hi 3 jI^j>JI ji \c, oLu^JI ij\j ^^Luci_jJI ^jpa 

j iu a jLa 1 Jutj . "frozen” 3jU^e_a 4j^_>Ji CjL>-j 3 <jl SjLc, J1_3 jj .(^j-aLL! 4_u Jlj j3JI 4_)1>JI fJ7 3 j i. i ».j 
3jl^_>J I CjL>-j3 4_JjJ 3 4_j_c^jJI 3 j!j_>J 1 t lu <.o~iV 4_j_jjuJLlIi 4_]9LiaJi j i e ^ * i rt H 

. 4 1U 

3j1^_j»J1 CjL>-j3 jSc. uiii-3 <ju 3>S jl V] 3La£La Lu^j 1 4_oj!jJ JlII 4i}LLJl oLj) 3 i.u^a 

<UjUm_i jMLLs 3USLU 4-SLLJ! oL^Tui-tua (ju 4jbLL_!l /ajj3 q\ Clx_p*-j 4jjlHL) 4 j jlxii 

CjLjvjJ> j Ac. 4_j t V] - 4 j > a>L£]l \ £. j j L ^w l U oI_lLx*—« ^a .J^j. L n L i J i t_lL Lu _a j)l_3 *4 _>.LlU 4-^l.falL 

(ju 4_al fiJl 4 jjI 3(L ji xj<~> k^T jljJLa ;*■ t u *j La J^aC 50k jj_a (J-3i 4 U1 3 j!j_>JI 

4jVI >■ j>_ j 1 j 4_t -3L5> 4J2 LL CjI j CjLL j__>JI (_yu oLoLuallJi 7 «-j—■uojV jLBj 4^i_j1jjjJI 4_sLLJ1 

t>° <j 3 ^2 J ^ ll |-/? iJr !J l.g ~ a J 0 > i il ■> . £ Cy (jl Ji i. ^ ; i Jl J-L^jj La I j-iSiJ .4_uljjjJI 

. 100k Ij-a <_jj^jLa ^ylj 20k 


The Molar Specific Heat of Solids 3 JUb^i 2 lJ 3j( l^s^l 


* 6 

4_i_c^lil 3j!^_>Jl .3jl^_>JI 4 _jwj3 j-±jCa Luajl j jJtl u 4 jj-uaJl ^L_u_^-5L! 4_J^JU 4 _lC_^_ 1JI 3jl^_>Jl j I CajJ 


J X3J*al\ <ja <~Jj 3.33 J 3JI 4jwj 3 (J-^Lu ja ^LL j- iX JSL^aJ 3^3 4->oLl 4 £liS\) 4 iL^lll ^ L^,2 X>U 4_Jji,l 


300k /j_a ^3^.1 321 Lx. 4 * 31 jl\ 3j!^=kJ! CjLj^jJi ,^3 .Lif 1 J 3-i^ill 3 j1^_j>JI 4_^jP c_ij.3 3"? L^oJuX 
^_j^i (jjjll 3 jLc 4j3c-jJUI1 ojJtj . 3^ =25J/mol*k jLi> 311 ^H 5 ^^-331 4uj^_U 4_1X.3jl J^}\ 
4 _^»j^ ^j-u 4 _b5 L-*J1 (j^-P 8.18 (J^-3 4_i_t_LLi 4 _Jl*_3 JI ^jLiilij . Dulong-Petit Lew (_^uj 

(ji j .u5v.a^ ^^_uLo^_J>Jlj (J^ClL.i II 1 ait OyLl^SJ-ll i?Li_Zu I 2yj jfLJ J^L>- 4_jj^xt 4_tXjjJl 3ji^>J Ij 

. {C,j L-oJll 1 4_j^L.) Jl3t3 i ,/L 4-jJLjJI 3jij->Ji CjL_^.j 3 J-ai^ratU 4jJ^Xi 4_tXj_iJi ^uojj 

Z, y,X jjUJsl oUL>o! 4L UU U\ 4_j 3 4l_p 4^^t_j 3j3 j.33 ijjljjVI jyX CjljjJI 4->.|ji jJx 



(K) 4->-ji 


4 11 3jl^Ji (8.18) 

j 'a —uaJi (j>3 T — 33 1 aj lC. 

«Ux j3il 3 jL . c_ij3L3j tjj-LLxli 


UyJt X i?L>o! ^3 4_jjJU JLlJI 4^rtll 4 3^1j-U 4ilkilj 

E = \mv x 2 + jkx 2 

z, y ^>L>ol iJ? 3 4 _jj juj_3Ji 4_^ ->11 4_t 1 ii-JL j)l_ii_35L_*J!j 

£k\ <11 ijr 3 3j5 (J^J £)3j .X f^3 4_3jL_cxJI 4^ jLjLLj j) L 3.^jl A a 

J 3 U 3 m oil Jj-^t-u}\ \jj L 1 } 1 3 iUj .4£^->* 3IjL>.j2i Cxj-u 3 J-aL>Ji 

(jiil 6( 2 k^T )-— 3^gT^ Li.a a 4L 1 uj x a 4_uJ lj jj 4 _bLL 

. jj& oijLil (ja N 3JX. jja JaLw ~>J 4 jK11 4_LLvljJi 4^LLil 

£ int = 3 Nk B T = 3n7?r (21.18) 


(™D 


(zs> 


kjljbdl dSijStJ I i^iuC J^dll 



:CxjIj ^sbj>- JLlC, JuoLw ^_4-u_>J 4_jJjJJ 4a^,ji]i 3jl^_>J! I JlJ>o 4_3c_uJJ1 aJJt ^->o 

( 22 . 18 ) 


C i^nL = 3 R 


n dT 


'\jr^3 4aJl ^ J^ll i _ r LcjtIl Q^jLaJ! ^>3 4^*l±u 1\ oJJts^ 

^yC. 1 <L>uLLS 4-irt skJlc 4_tkjJ jJx. 4_jJLoJtil CjI ill Ijuib ^jixSLiLll Lot 

. 4_u^£Li-ujj£Ljii ^lo-ill 4 _j£Lu-o^ 1^J1 4_}La£ ^ JlT 


THE BOLTZMANN DISTRIBUTION LAW okP^tX^' n <5;18 

rj^uu^a 4_c.^_i_uJ! (j.tLa) L$1 ^u_J j LiJ 1 CjLIj^v. ^ j <; -w ^jl tjr& s i4_xjLi> 4 <Ll a •>» ^jVi > Jy i-'>» LiL^Ai jJLl 

t * 

(JoI_jj^_>JI jIj-jsj! Lr k. c£l_9 * 4-uij tit c 1 $'( < \j^- (j! C^x>- t4_^llill 

4£^_>JI aL>o} 4_c.^_t_iJl ^>.^1 t"j <tic ^iif ^ol A*aj * 4_uli]l ojjq ^j^-xb ^1 JL3 1 Jl>. j . i A 

. Sjlj^Jl *^1*^3^ 4_Ju3_>J( Olc.j_i_uJl {j! JlJKJ 7.18 4JjL*-jO £yA . 4^jL2u-U CjLjj^^JLI 

<uK!l 4^Hail £yi 4_j_i_oJ ^J!ia ^j-ol J^dl |j^»J L$J i oboJ^^e-iJ JJUlII 4£>j.xj I Ju^jLo^ 

4^j3 olljj 11 ^JLftJl t _ =r il AJ^IUI t \ I 4 ! ^yi!i Cj15j^J>J1 JJl£. 4 i mij . 4-C.j_xxIi <jl 

* * 

. 4^1UU aJLA <i liiJLxa Cjl 


Exponential Atmosphere 

oLijj_>Ji JJLC. J J * \> cJt 31 1 —d^Utll (jr ^ <—a-ua^J I Jw-u 

i_ 3^L*J1 3jlj_>- 4_^»jJ jjf nun j?li* <Xj ^jj.<a < 11 ^2 .^LajjVL jL*^l Cy* 

2 CjIJl^laj ^a2Ju L_2^LiJl 4 _>.j^ ^j] •%. Ur- j cr 1^1 ^pD^iil Ijofc) T ^jU-uJj 4 JLIj 

^ljq^ULI Cy~y 5 4 - / J1 (jl ^?1 (^Lijj^n SjLjj 300m JSJ 

uLP! 4il_>. CjLujj—^JI -]_y» N JJ-C. —“ SfrJ 31—*-^l /jj—iLi! L-5 —jJo 

4jJJul11 4_2LjS!—II 4_!VjL> 4^31 *-11 i-illj c-* 1 (jl (J j^a 4^1 {jj&J PV — ftkjyT 4^31 -<-H £— 

4 j (jy-Aj O-* 3-Ljvj ^-2 oLl^-Jxii Js-Lc. ijy -Laju Hy = A//V nunber density 

LuSLo-n^^>J 1 i_23l-*-ll /2y jujlT) c ,i^ ^-j-i (j^?l LlSJLAj ^j-a ^j_3LUJ 4_^La 

1 U^.4J fty jl Ji-S-4 (j3l« 7 >= Aly^gT' ^JLUI J-StilI Wy 4j*^JlJ ^Liil 3UJI J-^-* * 

^jlj JljV ^l^-^Jt ^j_4 4-S-J-lo ^LijjVl daJL_iiiJi lUt ^J1 JUJ-JKI 

i4-i±laJI <Jlh <^l>^ll o3j £^-3^ ^3 4 jI C^l * (^3JI c^33dl <j3j (J^-^ 1 

. Jiii-uai! ^ * 

A 1 ^ t Ina a 4-s»l xuAj dy l^<wn (^j_>Jl (—23L*-11 tjt-A 4 Sjlri Ju>- LL_u .^LajjVl JtaJijuaJl j*J-*3 

. (9.18) (_?3 ^ 




—i-Jt ^3 4 — a —As 18.9 


IS^Ujolij ISajiSutt- 

PA 4_i_^jl 4-4-i_-s ^5 >LuL~ <«1 (jljjl 2UU. *.I^_^J! <jj ciij->. 
jj! 4.2 LlLJ 1 <Jllll ^ la will !U<.A1 ^Icll (jyic.I ^Jj S^JAl 

4 2 jJolI JtiajjuJl ijr ic {JA lm\ {j jS\ 3j3jJU SjJLJl jl, \ 7i 4 ^j£. Ju^3 

4_i!iii duL^ iji . 4Ji L.la 11 <?juk jLill <jJ3 jljLrt.g i (P+6f/?)A 

tilij oLL^odl JJljlHj /?2 ^jl_«_aj 4 7i jlaJl {J ^ Jjl—iJ 1 l^j-2*. 

mgN - mgrtyW-mgriyAdy 4-SAaJi oM -N 4JLU1 


PA - (P + <iP)A = mgn v Ady *-u* ^ 

dP = - mgn v dy ^.u ^x ) 4^}UII ^jla jUaiU \ i ;< <u$ 

4-^-_jliJ1 dUb J^vLjs.Ijj dp-k^Tdriy x>j 4_IuLj JJ^u ^-o T, P = Hyk^T <jl cu-l^j 

:<jj Jl>o JjJoAi {JjJlajj dp jl JiAgU 4jLiL-iJ{ 4j3^L*JI 

**.—-Srfy 
n v k B T 

: (_yic. Jx.-xm SJ^LJLl «Jl£> JalSlbj 

n v (y) = ~ m % ylk « T (23.18) 

Law of atmospheres pl^Vl o>>^ cr- 9 -^ &aM-«Jt »juj>j y =0 ju^ SjjjuJt 3il2£JI _^a n Q du.->. 
ip.j.s jLi£. ^LijjVI SjLj j-xs L-xJ J23 number density ipjuJI a^LiSLJi 18.23 aia>LiiJ UxLj 

?vL iui j)~r i ii a _Uxl (_£^j>JI t—SyLiJJ 4j3L£J! . SjI^jCI 

P = riyk^T ol ^-p- • Hq= 2.69 xlO 25 molecules/m 3 

SJjLujJi Ixi >L ^LojjVI i_syC>.lj l .1 l"i zx-j Ll^yLc. Li xx-itl (jl (23.18) 4jjLuo I^yi J u?o 

p _ p^ e - m gyiV (24.18) 

P Q = n Q kfiT dx^p- 

Jl>u ^LojjVI 4Jtj^ ^yLuoil JaJLua]L Iju4> UjQ^J 

L-5^Liij 4 -l^uIIIj 


>4LJlc ujU^Uujt ^yic S^jUbll cjUo^JI v|L8.4 JLx4 

4jjL?cJ11I CjI jaLkJI 4.Ac j. 4.Kr> (^jJI 1 I .kill ^LAjjI ^-Lc A^ 4_JCJ^_*JI 431H 

I JJt Jl ic 5jl^_>J! 4_>-jJ ^jl £ I .•^y. til ^jJLt aa. xO 4j J JwJtii 43LoSLUj AjjL_oi,l-J ^4jl_i_JI 

. 20 .o°e 





LjIjLjlU 1 4-Jj2aJ ZjJxCr I 






IbU* 4$. Ijj>.^! ^j^_)l_2J LLtlo ^L3 jjVI £>a 1 j <til ^wajsUlu ^j»>J! i_a^_iii 4 jjjl*JI 4Jsi!i^Jl t 

4-c_ls jL u -c.L> 4.80 X10 ^kg ^jLuj 28.9u jjt 4_uj^j>JI 4.fc£il 2a^yLa y\ y^yuu . 18.23 
yL> Uf> (23.18) 4_u_u^l 4^>Ui] ^Vi jijJLo l_>L u->* ^3 4 y=l 1.0 km 


mgy_( 4.80 x 10“ 26 kg) (9.80 m/s 2 ) (11 000 m) 
k B T~ 


(1.38 x 10' 23 J/K) (293 K) 

tty ji jJLa <_r^- J ^^e-i (23.1 2) SJjLto {yi q jl 


= 1.28 


n v = n n e 


mgy/k„T 


= «o<T 128 = 0.278«o 


^la-x u JuC, 4jiU3xJI {jjq %27.8 11.0 km y^ <3^411 4jJJuti! 4^mi 3)1 ^1 

. 4_>*j.) tZ-jlaJ \-Lu3yi3 I l3t 

y& ^JJsl OJ&* »lj- 4 II 4_j-)Jl*JI 4—■si ‘"S.W (jLs . f3_ajjVI £A sc n jjV l^iajj 

y j tVi i dsi^jLLJi 3)k-3 tjJLljJ 4_3 jj-Lx]1 y^u -j y^A ^ t j £-L-< 2 JjVt \jJt jJLc. <IaJt li IjJritj 
Ju C 2aJLuaJJ jL lujz 4_Ln»-L^> j> ajuaj ujlikjJI 3j^j-a2La i Ji *i^_^Jl 1 gj 4 <■ ^ i ^Jlc. ^LdJjl 

^eJax-a 




Computing Average Values 

*4 Lc.jy3 Ujl.-^ cl 2 >£Lj$j 23.18 4j-il_ju_d O^-^lo ^-mgy/& B 7 "4 .j_tu^n 4J(jJi 

u<.mLuj P(y ) cjVLdL>-Vi £ 3^3 3)31 .y Lc ^LojjI jkiJi 3 ^° ur 1 ijL *^ 

-iJ^2 4 i rut (JlLc 4a^->Ji yZ>\ ^->J1 yA JuJLJfcJl Uj l ixi ^ yA \ } '& -C.^ £ flM (jufcj • fty(y ) 4^12^3! 

dauuuyiA {j\jlLljj ^JluJU ^juluu <_^ic 4_sLLi 2a i uyjA j \ ^Lojj! J^Llu] Cji2j3^>3i 

. yJb ijU5> ^Lajji 2a_t^^Hl 4 ^uoLj^JI 4^^LaJ i , T 4_>.j«> J-Lc. y£ ^y>%! y 


y - 


Jo yn v (y) dy J Q ye~ mgy,lcJ dy 


/ 0 n v(y)dy f~e- mgy,K °' dy 


r 00 p -mgylkJ 

lo 

CjLlL3jjV1 yyi-Zy—c aJJb 2a_iutJt . 4 _)L^jVLoj y <u^> y\A ^L33ji CXp- 

Cy KJl ^Jufcjl yJb ^LoU 3)t u £1 jljLC.! l ^yA-5z-a y&> jaLflJli LcJLu iL&j!jLc.i {jyyu^a oLlj^-^iJ 

Cr^* * i — 


y = 


(kjlmgf 


k B T 


k B Tlmg mg 

3)1 1A‘X.4J3 \-a£ 4_>-j^ O jlj LJ^ ^Liijji 4I^t I uyxA 3)1 3Ap 4_£^L»J1 eJJbj 

yC. 4_^ol_cii 4_!sLL> 3)j C.4_i_>- ,jl_ C. 4_^lla lL^x-u y^-A jLjscj^? 4iji-4^» 4_ojjJa 


3)1 y = / mg 3)1 mgy 2 ^^ . (/ - mgy y& y <^3UJ1 




-- ; 


: ■ (iUjIjjtfl ISLwUjJtltj tSL u tSc d l - JjVI sjjJI) sb^ddl 

U = mg(k B T /mg) = k B T 


I^G 11—i a <i ." t" <LujL>Jl jj£. 4iiUJI 4jjLLs i l*> » nj-u> jjl 4_algJI 4-a-j~i ill tfJukj 

g j\ fll Gj£uu)ly 

The Boltzmann Distribution (jUJItt£j>> 


y fLSj! ^1g gravitational Potential energy a-uiUJI ^g 4j>oLUI <aLL 

: ijr L (23.18) 4jjLca *(^>.^1 ^jg \xa i (ji 1 > U = mgy ^g 

-UI kuT 

n v = n^e “ 

■ JUidiU ( JL«v~r>-l -I iX/iSt (jljjVi SJLs. ^^3 jLiJI CjLxjjj>. (jt ^uu ljukj 

■ O-lgj 4-uuiVt SJjlxit aJGj . C J^aUdJ LLlL> 4_ujl_>Ji 4 ajLI 51 £-uo^Jt 4-SlL 

4-3iVy.11 <LaLc. 4h.is\ >j £-1 I qj* ^_gy>J 1 i_ 3^L*J! ^3 ol_Ibj^>J! 

H 4 J 2 IL L$] 


Eik H T 


(25.18) 


n v (E) = n^e 

^ .Boltzmann Distribution Law yLtyAyJ £jpli o>^ c?* '*"» ^LDdl *ju5>j 

Oj j 11 2 sl 4 _uLl^_>-'2I L^wuK.jU j jju L^jj 4 j 3 A*^l c>j _o5 4^vj J 

Lii.til t_rtbr^3 4_3l_LJ i CjVL%. 4-Lula 4_11_>. CjLj^_>JI 4_J1 ^ji n 

IjJ 4SlkH CjLj^Ic 1 u.a <L iy olljj->Ji . &g L 4^sj) <«i£a 4^1LU 4 _jJLuJI 4-4_LaiJ LiLiL 

.^1^.1 4^1L Cj{jyu.ii 1 oLj)-pJ( 3ji3] Sya T 4_>~ji jixc. ^jlj^>J! uu-tLSuJi ^cJ 

5.18 Jtla 

,43LLJi C-}L^“iM.id Sya cUst^A CjIj j'lcu >3 tUn4 jJJt-ilLj (j\ CjljjJI ^-1 L*<«i m (10.8) ^ «*|3 ijr s Lj^js 

/^s 4 /jl 4 j1j j 2500 1C 3jl^__>. 4_>.jJ jJlC. !jLii <j1 y&j—a .j 

iju 4 11 a <31 <_ t <tt->»i .(1.6 x 10 ^ J cV tLl*4 1.5 cV \ .<; ^<m 4^LLJI 4^Uail 

.(10.18) ^ oljjJl JJx. tljijjJi j»Jai 

fiJJii y3 4_bLLJ{ oL^IL LMJi y-a {j\ju& "i tu a y3 CdSjjJi yi mflt JJuJt ^Ltl (25.18) il^Ljca 

oljjJl Ulc. c >_j 4 uihII ^jlii 43LLJ1 iS3~ i - iiiA E\ ^-^p* £j> E 2 42l_Lii «u a oIjJlLI 4JL>J( 

: yj^\ 4^LLJi ^£y. i It a JJlslII ( _ y i£.^t 4 ^LLxI1 ^y <« ^ 


(wo) 



(™> 


ujIjIaU <4S1 ijuuC 


: "'* •'??• '•- S' ?&;*'£&& 


1.50 eV 


3* Or^-jj—u—J-SL-ti (10.18) 

jjl ^j ti*i t uJ fiGljj) jL*J 4^UoJl Cjb^L-u>a 


%(£ 2 ) n 0 e 

n v (Ej) 


-E,!k.T 


-E, Ik a T 


= e 


-{E 2 ~E t )/k e T 


n n e 


^.Ob jljJLU ^xl E 2 1 — E |— 1.5 cV 4 Jl*311 ^32 

£ B r= (1.38 x 10~ 23 J/K) (2 500 K)/1.60 x 10- 19 J/eV 
= 0.216 eV 

■ 4jj)lUU 41 mill 33 j 


n(E 2 ) _ 

-1.50 tV/0.216 eV 

n{E\) " 


: 3 94 = 9.64 X 10 -4 


4^LLJI ClljjJI ^ya T— 2500 k oj\j->- 4_>.j.i JUX. 4 jI (J\ju 4^eaVJ1 0j»Aj 

.J3VI >uU 3 ^ 3j3 1000 ULUj 3 ^^ 4jbtlaJl ^yluufl 3 * 3jli (J£ 3 ! 4 tfj ^3 .j^Ls-Vi 
4JU <3 4jf 3 SL! .3j3>Jl 4_».j_} Cj^Ij 1 <iK JUyJ 3^^ 3.3"*all 3^ Ciijjdl 

.^JulVI <Sj ~* 4 *‘0 <3 Lc>» J2VI (3 CiljjJi -iJLC. L2>l-i 3l3^ 


DISTRIBUTION OF MOLECULAR SPEEDS Uulj^l Cj^jumH gjjj 


(1831- 1879) James Clerk Maxwell ^y L£ 0 *+».y 3 L 3 ! 1860 ^Lx 3 

oljylaj 3 Ji 1-dJj Juu OJL>. Laj 4J1 &C \ 3I V! . SjjL sk-A 4_y£y>Jl ot_X^_<_uJi t hju *J 4jjL*_a 

i_dlj 3 ® i 3 ^-^Jl 3 ^ 3 ^ 3 cj 12 j^j>JI 3 ^ t ^ 11 3 ^ a ciol^ 3j>^^ ^Ulc L$j ^13 

4jyIoJ 4 _st_t-ss iIjJlXI tiilj Jlju 1 > 3 Lc. 60 31$-^ ^4 Ju_*-j 1 gl <i r 3 ^°^ 3^ t-jjLjfcJiJi 3 ! *4JLajVl 


*w 



£33 L_gJ eiiL-ljj— >. 4_j jLLJi 3_a L^.j>j ~< ^ ^ ♦ (Jjj? <“ ^— 43 

3* 3*-^° (jr^ JJx. <-3jJU 3 I tOlx^y-ul! 

31 " 1 <» ^juLallj . 4 __uLjJI ^3 3 *—^ 410 ^J] 400 3 -^ ol_c ^_\ 

<_ill j ^Jl 4_5Li3VL —>«J1 4_>.jj ^ylx -5—ju ciiLcj <_x3i 

5 LJL 3 b-Lc (ji (_$! ’U^s (^j <_j>aI o j5~i < i . £j_$jJI <i-^a (j! 

3 ya jju&J J ~ L ^^ ^.3^-1 (J^i 3_^5'3l 3 

* 

3 LJLL ^j_lj 4—c g all 4^£t^.LnJll 1 CjLx.^_4juJI lIHj 3 ] ‘^rms 

41 4 ^jQ oLo^Luaall 3 ^ ^1« 


3H 4— c.j -tuJI (11.18) 3^^ 

. 4 Ll«-q Sji^v 4_^.j J JLU 1 jUli 01^3 
{^3 «L-Cj—uu L 4 J 3 ^^ 

3jU"i <<iU 4_>.L*.m a a\ .<.u3 dU J_>- 

Ly-JJ JiP ^ 4jlwUl^ N v dv . JUalt 
. 4j13 VLc 3j ^ ijjy ^ 


313^1 4J1_>- jUll (jr ^ *— 5 1—X-^ 4_itU 

4 J3 Nv 4 -y ^Lll .(11.18) (J^o ^j!^->Jl 

Maxwell- Boltzman Distribution Function 31 * 31 ]^ Jjy^U 

3JL-C 3 ^ (jyl^Lil JJLjlII ^ C-ul_$ Ijl :^_yij \ 4 ^ 3 yu a 

3j-15+ dl) J V 3V l^Tir.j— iu 3^1 CL<— 






ISLtaLbJfltj ISLulSLdi - j/Vi 


<jl till 3 ^Jl <■■ a^n i . (1 1.18) t ~r (jyS ^JllaJU (J j. In" ( u 11 Luxii ^jl < uj JJudl tju*^ ♦ dN — M^dv 

q\ <JLoio-l 1 i ^jL_uj i jjtj N y dv/N ^jLdS u+ do 4 o ^j\-s l£- 2 j cjIuj^j>J! 

.v+ dv j D (j-vj Ls ^_^5ci! 


CjLu^j>J 1 /V JJjfcJ i "it r j ■ «. a ts\i (jr^\ 4 j < n Lt-uVl 

3/2 

A = 4nN\ ———\ i, 2 (>- mv ~ l2k » T (26.18) 


2nk^T 


<Lvjj 7 cjjIj Ag tjliJ! ^£^>* m ci^>> Si'Ll 4x.^_t_uJI 4_ll_} 

Jv Zt g_d>j_<a jJb La£ E — d mu 2 4j£j_>Jj 4 _^LEj JaLjl^j £ijl-3 ^4 rtU-iM 

j."t 4_c.j—coiI . (rms) 4 -C.j —t_uil £_i j-a 11^ 11 ,^ZX jjL_>dl JJ 4_C-j—td! > E 4 » ylt -A . 18.11 

^|jiJ*”u^L> 4 ILa9 ^jjszJLa \jt j ic. 4x.^-t-a]| ^jii Most Prabable Speed o^p V LdL * .\ 

:^ji j^>i-> (26.18) 4J^Ijl4 


v 


mp 


= sj3k h T / m = 1.73 ^/^Br / m 

(27.18) 

rms speed 

^ jSk B T/jim= 1.60 ^k B Tlm 

(28.18) 

Average speed 

^2 k B T 1 m = lAl-^fk^T/m 

(29.18) 

Most probable speed 


<ji gitnt it i 4 JjL*_U tills j^yi (62, 41 ^JojI) L_d lE.l l «-dj4f tills glun^l 


^rms > V > ^ mp 


CjI j \~r <11 tillj (Jj- ^r\ ->Ji ^j£~al JtiSj . N 2 CjLcj_<_uJ! £fUJ 12.12 oLtistiU 

♦ {j*u. til“i nr a 3jJ_Lcj 4 nlZLEa CjLc,^_<_u JlLc. ^jjUlI 4Jll a i ^£2 ,26.18 4JjLjuo ^1 JUStlLi-uL} 
t U t uyLc Cf^i U^-dl ^ Ssr Ill 4 xa ISll lEj>»V 

4_c.j_i_o ^jl 2>^- gjL-> ^ydtJLqll ^JjLqllll jJ£2uJ1j La^ 3jl^j>dl 4^>»jJ 3jljj g<o Ju^j 4^.j <xitl 

{* 

. Lj£2_i_o^i^ 4 _jL^j (j^£2 j^IaII ^_y3 4x.^-tail Laau j_iLu3 4 }£! a ^ 



v (m/s) 


10 —*J 4—tij <»,11 4 JI 1 (12.18) 

900 K, 300 K jJll. N2 _d &_ 

JJutil ^l ScI a u- x i 4_A U l 4_2vLid.l 

10 5 4 JI_ >Jl 0 juil i _ r 3 (jrAj CiLEj—3td 

tJ 1 

^rms > V > ^mp 


R.P.Bauman, Modern Jii_c 4 jj 1E-^LbjJl g . ^ 1 ^1 g_>.jl 4_gl *sr< (1) 

Thermodynamics with Statistical Mechanics 




( to ) 


LjIjIaU ASI ijJl lC. Ju4?l 


•*w «•••*.; "v-.-- .- • 



*-I! (>\_j ^Ut £y* Jf> i J_<Lxui 4—xjJLl ^JjLqj I3U (12.18) JSU, ol jl.-*-}1,1 

x 1000m/s ,800m/ s 


# 

4jjU <52>U ^>a 4 l-i 2 ~) ,*-a4> I Jl^w JjL> *Lcj 


s U*U >4 ju^< AjU juAijAJ 

* e 

-Ij J^jJLuaJt £yi 1 -)lJ>. ^^-L-u *Lu ^UJ 

SljLL^ £^-lajI ^ultu-a rt.rffl ^1 . 


4_>.jJ>j 4IK 11 t j- 45 (J^ vX4-~< fcj jl-£. 4_jJj^_>Ji 4 _£.j_aaJ} £j_p (IP LAp 18.26 4 J_}Ljl_4 

. 4Jbin e~<lf ) UK -il-ijj J_>. U" r,^-<-u Jujj <^u]| 4 jjLJlI! 4 j.iuj < La 3jlj_>. 4_>.jj JUx. 

U^Uil oj ui ^ <Lc.j^ui j m.Ti He, H 2 <JU 4 3 i .3 ->J 1 0 I 3 UJI 3 )^ (jr^ L-A^caJi j-uJlj IjuAj 

1 —i^-,iuJi 4 £-j-uj j^psl) O 2 N 2 i^U 3 ^JKit CjI j oljLiJI i U-uj 

4-C.j— t-o ^>5 LfrJj - « A U -j-c — <ut ! 2 Li < n ^Liii oLL>^ *((14) ^UH 

U 4-i i juj-a \ 3 -*- 4L l ^ CjVhjys^ 4jCj_iuJ1 9\)^ <—J^— » . A i-I* .l I 4 Xlj-uj £yA ^-Ki J>—C-^Jl ^liC. i-J^. aauJI 

^1 Ju-JT. I^Adulj . oUlj—iuJi £)jj ( ^y0 J—2fc_p 3j-&Lt> ci^JU (jl U K 4J . 21.18 JSLlu ^ _^-A ^ 

cilj-ctiu olKp^-H 4_i*LL> j !£l jJjlj-tAtJ! i _U 0^ cAp (_Ul^ 3 j-aLKJ1 

4^.j_i J-LC. CajIK fj 3 -V jUej 4J^ sc. "i A 4^p3j ^JjUall ^Uix 3 JSlj mil 4_C,J^4AU 

4^U I 4 ] (jr l!i Ui3 ( _ jr 4> J j-> mIIj JjLJI {jf-A *_jj_j_ulu 41^3.1 £yi j. uK. > JiH 

jjJaJI (jyS ^ a ajj ^H-li OlKj-^JU ^u /jh^J . JjLaaJI jjlrJI (jy ^ ^ ljr Ll UUjxll 4-JaK 

JU^-p 4-jU-C. (j^i ‘{J^Uall 4 _>.jJ n dUjJ 4_a- j j ij (J^l aSj->- 4^11= L^J jJSt ,< nil 

s= 

ALuj>v 1 J 4jjIj^>. (j^ij t3_>-^ (_>“i A.2H jjjs 4 «l-~i^ ^ ~i <1 4 

. 4j>-1jJL 


Gt j g »i'v 94j|>Uaj y 6 . 184 ^* 

5.00, 8.00, 12.00, 12.00, 12.00, 14.0, 14.0, 17.0, 20.0 1 6 '\ 0 ....-,1 . , ... r ^ 

. CjL^-u. u^tll 4 lr> i u ^Hj.1 4 r- j l ,. tl i_(il) 4_uu / 

Cjj aj I »L>U Lt K!1 JJulII (_yic. 4 , ,. ^ i~ilf j , ./I I £jA2XJ> ijJb 4 U , ,|J~ 11 

(5.00 + 8.00 +12.0 +12.0 +12.0 +14.0 +14.0 +17.0 + 20.0) m/s 


v = 


= 12.7 m/s 


rms 


jj 11->..[jUl (jr * : U j >i!l jJL>JI jljiia Lo (b) 


— _ (5.00 + 8.00 + 12.0 Z +12.0 + 12.0 Z +14.0" +14.0 2 +17.0' + 20XT) m 
V 9 

= 178 m 2 /s 2 


ISLuUjalli ISL^tSLaI-JjVUJ***) 


jjj- 4 daj-u^J. jJL>JI ji JuLa (jjl 

i/ rms = V178 m 2 Is 2 = 13.3 m/s 

$ VUlod ^Vi 4^. j^J\ La (c) 

cjlx.j_iu> 4_1 ^sLJ 14 m/s 1 a-£.jlj-lm jjlijlj ] 2 m/s 1 $ ~4.%. m~J1 cjL^_i-<-u_>J1 ^a 4j3L 

. 12 m/s ( jr £> ^ m p *2 Lc T l > . 1 ji£Vl 4^.^-u J l ^pl. 4 n l~ 


MEAN FREE PATH da^Hl^ljUI! ^7,18 

(jS j.^~u 13 L _- r £3 4 a2sj ( j jQ *3 J ?“ 23 *~ 1 ^ ( Lu^a V!) jjjLHII (JLq jLiJ 3 j Loll I 4 _^ljI^JI ^Lu Lli£ 

JuC. 4 _j_>1_jJ1 ^3 jLLoVI CjLLg a ^j! (J-ucu 4 _l_u^j>v 1 i 4 _£.j—Jo_4_ujJLq £jj j .4_fl^_iJi c.b>-ji 

4 j }jj ^yo j j !£i ^J31 j l_2uTu 1 ^3 L£ 4 4_B^Jtil 4_>.jJ 

£-a ^ol jut2ui ) . 1.18 jLl!x>.VI fjjh Lblj US5j^-lj 

i j r A J-i-i-a jV {jr&% ^-3 * 4-U-u, Jl 1 4) dojL 3jSX—A <.:<» »jl L^V an 

(j^- 5 . ^w.3~r < n a Jo_>. ^£s V' l^-J-aL^J 3j_?cj>Ji CjLjL^j ^Ju^l 

. 4 A.i a ju 4i-^ Jo^3 4JuL 4 _Cj_<_uj ^ xoJ oL-oL^alJI 

J^-4 j> 11 t jLmll a ■ i *i~> ^a^oLuo_j Jr'- S 4^3l_cu-t 1 < lo i </j) j. a^ 

Joitj ^L oJ J^ Mean Free Path 

jV\ £i > 4_331_c. 4 J Jo_i_ujJiU j—>Ji jl—uuJi .(13.18) (J^Liu L*.£ 

^_>J! jL^ull jjJLi t 3j^ j *3^^ 4 4t^ 

^)Jo3 CjIj^ oj\ xf- OtL^JI (jl j-fLxl^u 

i3| VI ^jLlojjV 4 j i 14.18 a (Jf L io lO -1 * ^ ^6 iA 3 ^ 

( yA Lj "i.Lc JUT. d /yo /J^i 1 _j4>jIjl_ 4-^5 «L3l_4xi —a ^Lc. i <; a 

(jl jLp.r.L jxjLualJI 4 ^ 1 1 (3^ 4j_31£Lo 4_nj^_L . 1 a$j*zjl j 

4-u<-o jJ-A Jo^u SjLxC. Cjlxaj-^d^ Jl> I 


d L g - ^ -La o(i53^ u^-43-^ (14.18) 3^* ^ 

j^jLuj ^JAJ 4_5L_uil Cxjl^ 1 jjj ^jLaJjLa-oIu 

{jAj —ua3 (J/U ^jL-ua__jjl (b) d 

. <u^u jlIa <lL*2j 5jL^. 2 d i$y>- 



j >Ji jL_oiJ,ij —i~i r. 4 —cuj La.' 

CjLjJj—>J i Cxi3 L aK -iLj^ 1 L 1 

4£3_^Jf o» . jajO=_>JI oJj>-j} 

\_<i_5T um -j. 1 _g jL—juI cj^Lj 



hH 


(a) 


(b) 


Vt 


j-jJjtitf 1 





Vt Ld,^ 3 <jl_t)Ut<.-! 2d jJlxAIl t 0^3 cy® (15.18) 

^-daAAJ 4_*jjO^JI 5 ^~u 311 o_L& (^4 . 4^.^_i_u 1 iujr*-& V C-ci*>- 

. 4jli«iVl LllJj (3>*ta ^LM 


(J7 ^ . t OjL t^ V 4La.i-»^p-4 4 _£.^^oj <_fj^_rt!b ^ jJl j_a> j j i\ 11 ^..uti t—(14.1 8b) 

Jtd 2 I^jlLlox <L^1 i nA 4j| jirnu i jjLcu^i iJ7 Si ^.;iixi) fl L&jJu3 4^1 < a xs ^£j_>Ji 4 _iJLqjJS Sj-Iiili <5 J-& 

ol_lj^_>Ji ij^c. /Zy 13). Jtd 2 vt u £jL*_uj 431 j) k«»Vl *15.18 vt 

. (jtd 2 Vt)n v 3 "^ 4jlj) a u'$\ olL 4 -u uJ j ^ ■ 3 i ^lc. ^yjJi OLl_jj^>dl _iJ lX. jj3) 
oLpi t <n~t\\ JJLC, (jjl .t 4jlj)l^> < <iVl lO->* <J^ £-* jOLt^ilu 2d ^^1^2,1 OjlaS <_£jJI 

• ( Jid"vt)n v >*j ^ <_£jL*ij t ^ 

JJlX. 4^aj Miii aj t £y*j i^t 4_Cj \n ^ U 4-_b 1 ««U t U < < t jJLc (j^jl mj l dr> <^JlU j^>Jl jl,* «U 

1 0JLA l1x3Jl>- CjLoI z^aUll 

t = ^ _ 1 

(jtd 2 vt)n v 7td 2 n v 

JJjj (^t So^-J j£t CjLajL^alJt ±SC.$ (jld'Vt)n v >* t £yaj CjUjLajJ! JJ^. (jl 0-p._J 

oloJ^jl _i _l£-j f CjLqJ- i^oJl 

/ = nd 2 vn v 

.j->Jl ^j-ojJl 1 U > ^ 0 < »iUj oLajl ts\~t 11 v U t o<pu* CjLaJuuaJl <-_j^ 1 a aj 

udjj 4 _£j_jw Jii^i-j LcjJr. <Ll^Llj/ 4j1j)U / <tVl Jj>* 14 CjL!uj-j>Jl ol ldjuoj_£) 4-i-jLwJI LdL^l.r.n «»1 

:4_dlHJ! 4_ae_p.lj! ^-C- jJ^x5t-L_u Lal^Li^o. ol^j.<.u.->Jl 


da_<_a^3JU ^->dl ^LoJU 


oUju^ll 3Jjd 


42 nd 2 n v 

f=4ind 2 


(30.18) 


(31.18) 




: ,7.18 JIjU 

(jr 4 La (a.) 2.0 X 10 m (J£ j No ci15j^>. iy* (j 4 "J Uj. iV.I 

I i ^IxJ! 43L-ait 

ljy 3 cjLlj^j>Ji jjlc jL?cjV PV~ Nk^T oljLiiJ 4_^L*J! 4j^L*i.l ^ji j^>o ^liLa jlxl! 




ISLuLuJfllj iSLulS-Ui - 


n - — - — 


1.01 x 10 5 N/m 2 ACA in25 , . . 3 

- —==-= 2.50 x 10 molecules/m 


v V k B T (1.38 x 10 _23 J/K) (293 K) 


42 nd 2 n v 


< ui.1 £)«il 


42n(2.00 x 10^ 10 m) 2 (2.50 x 10 25 molecules/m 3 ) 


= 2.25 x 10" 7 m 

OjJ* uilJf 0. A ji JLoii I Jufcj 

. uLxtJujIcli fjyS J jJb La (b) 

j-A 20.0 C jic. Cj^>~ j-dj rms Ala- ^ ^ J L U 4-x.^ ^ mJI jj—>Ji 0 . 1 > . 

28.18 j 27.18 (^jJjLua ^Lu ((1.18) 51lm/ s 


v =(1.60/ 1.73) (511 m/s)=473 m/s 


fflrt 2.10 x 10V 

£ 2.25 x 10" 7 m 


oLaJu-aii (jji 


J<a.i^jaJU jL-ali .<Lul!i tjr B 3^-4 7 oLu^Ji £->a ^jLuaIu 

.uij CjI-4-iixj.^JI d JulLuJI <h±j-uyxA 4 3j rt^U ( _ r 3 ■ CjI .4 >dl (jvs 4-3LulU cLvj jjyue^t t 

jmLlJI <.La.<a^ILq i JJb ^ Lu^Jij 


n\l 3 (2.5 x 10 23 ) 1 


= 3.4 x 10“ v m 


SUMMARY i 


jJb V 4_42*_>. fLc.j oLb^Ji £yA Nj J JX. ^jx. JnJ> j^tixs j 1 ^ 


P-ldML^ 
P '3\v)[2 mV I 


(2.18) 


^Lvti T <Lvjjlj SJsyLc L$J ~mv s ‘jLiL o* (J^3 4_J12~iVl 4J3LL5 2^ u^~ua 


4JjIaI,Li 


\mv 2 = \k B T 


(4.18) 


4_iaLLaJI {_ya jJL_2 Lg_^a_scJ (z, y, X) CjL_>.jJ (jja 3_ >-j4 iJ^J t ~-‘ kg Oj_ 


It T 
2 k b i 


<S; 




(Juirttt 


CZ£) 


- .^nng 


^jLuuJL gjjj ^i^_ji <iLw La j»LiaJ 4jiLL o' q^"wJ ^LsliaU ^jl-t.^i'iU Aj^xj 

.4j^>Ji oL>.jj j-j- aj>* (jr^J 

3jjJ! ^pU-i ^ILo jLL (J j^q n ji) oLjj->Ji ^a N jjl*J 4_iKJi 4 J 3 LLJI 


E- ml = -MJ = lnRT 


A E m = nC y A T 


(10.18) 

j_& AT j1jl2-4j 4jj1^->- 4_>.jj q j juj ^JlLc jlL ^1 ^>3 ^ 4-JLvIjJI A-sLLxJI ( _ 7 _3 ^_JuJl 

(12.18) 

. duLj C-U>U 4_J^J,| 4o£,^ill 2jlj_>Jl {j7 J& Cy C^x>- 

A_J_C-^_iji . Cy = 2^^ CxjIj ^QJ5E_>. JlJlC S^jJI ^iLLa jUtJ 4_xJj_U 4_t.r^_lll 3jlj-J>Jt 

Y = Cp / Cy— 3 tlrCur.jjJl ^ ; u.<utlj Cp= 2 ^ C-oIj ttr> t, tip >Juc. 4_Jj-U 

AjjLca j_a IS!_usLj jJJ JjVi j! LdLiJ^ljI j| JJucj 4 _i 1 <i * 1 ^iia jLL l!il 

o' oy^' 4JUJ! 

PV y = constant (18.18) 

juuJI ,4_^L412L11LJI ubj-L.^ a /Vu dUuj_^>J! < iua) oCaj-li^-al oj-^Cs 

~~E!k*T g jL-tn i oLoJj^lI] 


n v (E) = n 0 e~ 


(25.18) 


jlc 1 r ^ . ■, £_y3 < a ..~1~ w U o k i ^ II ^yul! <11.} 

' 3/2 

N = 4 ^ 3 v [———] 


2 -mv 2 l2k n T 

v e 8 


(26.18) 


4_C.juuJI ■ U / „j~i nj «tx.j_«jJI £jj_4 (jr *_u_pJl jO^JI 1 —il iii~>- (^jo 45^L«J! iJJtj 

:VU>I jSSVl 


x^nns = A/W 2 = ^ )3k B T/m = 1.73 ~Jk B T/m 


(27.18) 


(28.18) 


u mp = ph B T/m= 1.41 


(29.18) 





o JlA 

. 4o-jJ Juf- ^3-jhjb jl£ <L) j 9 | 

4_4^t_>. J.A £-uoj 

S j-A Lp^ ^ 1 l j^i2J .J ^a| 

£^-31 ^j) *J^ 5 - 4 < ^ i ‘- i - 5t - s IjLa j 10 

uitBj—li J_A S^yTi a-^-u ^1 J J 4 ~ j ,'■“ (J-& • j-oJ I 
^(J\xa Jo- ^1 J-LajjVl /Ui 

g -ji o i l l pl^Jl <_sL>JI pl^JI j-A La — 11 

SpLU jlit-u 

I'gjuLSc. a 5^IxJl 4 _uI_Lj CjljLiJJ Ijll — 12 

J ClC. <>J j_!i J^jl_>-i jLJtJ! t^yA J _J_£i Jj_ 4 j_J^3 

. SjijoJl 4o-jJ <j-u4_l 

4_o.jJ Ju£: cLej ^J3 £ j .< OM jLc. — 13 

^Jj S^lj—=>31 —4-jj! Iji <300 K _>■ 

^yuj^oli jJloJI j-xJlu j ^Lj ( 3 ) 900K 

J^L^i fjL (b) rms 4_c j^J I 

Sptx^ji ^yii >la* I^tl ^-L*Tu 

J-i^- (jl^Sl 4JL^- jLc. pLc.j — 14 

>] U>^ ^4*3 * 1—'a 3jl^-o- 4_o-jJj i.l>t <>> 

S 1 4 _p. l S jLiil CjLjjjo- 


ISLwQjJJIj IS^ulSLdt ~ JjVt ^%1() pUj-uilt 


QUESTIONS Ktiitfl 

(jl ^fie* »I^H “ 1 

iS3 ^—*■*£ ( — 5 Ijl—iJI jl~>3 Idl da-L-tJaiI 

4 J 52 SLU o!jl_*JJ daj t <>ill ^j_-qoc-^s 

IjLA *loC.! .«-Io^lie_-4-U 

.oljUi] ^joJi 4 j^. fci 1 

<S^^i (jr^ tSj^ - 2 

<j-a—OJ v j r (jljL-C^JI ijj CX^’ 

<J /)_4 4_o-jJ 

4—c-j_ciiJ! _ 4 

-^i 


4—£j—>J) 4_J^ i'l i I £j—Uijl! — 15 

^oLueajJ SjLaLv Cjl^^ Cj11 ^>JI j 1~ ♦" oljliU 

If # 

LgJjIotJ ^jjl «.l^jJI (jljjL>. JJJ Uj^ LajU^aj 

I jui (J^S 

(j) L&aLija ^pJI 4 S.lS ->JI (jjiLtut ^ lr. - 16 

J_>J! !jll (^1 A » uij /p-LtJi 

cl^Ji (jt 3^ U.W i^-> 1.4^ tajh 

1 


^J? J I 411 CjI— 1 Jj—> t j03 ■ In jl -V- (j-4 ^j^£L4 ji_C. — 3 

L 4 I CjL 1 j^_>. (J-A 

I jLl a. a i i /.t^Z—A (jl j\a ^c.^J 1 ^-ic — 4 

A't c (jl^jl 4 JL 0 - lt^3 3 1 —*-^ ol—xjj—>J 

^jl ^?1 <j— a isy ^yA j 1 \\ l_ 4 4_^jJ 

<>JlA !3U <7 ,<^r> —<-*<-3 J—3 

3jLul!! 

43jlj^>- 4_>.jj (j!-^ ^^.U t u y d*S3j 131 |5 | 


-uQJl IJ_ 


* ^14 ^ <^A.4-a- l } 


4_jwjJ ^ 33 13U, <^lilj Lu^o- — 6 

oM^I ijj pUU 3ji^o- 

pLU Jl-^4->uJ 4_4J^laJ! SpLc.^jl 

♦ ^ <7 < S~i ! i ^j-4 3jijO- J U£L 

jLiil (J ,_4 pLc.J — 7 

11 ^ 3 — -^0 j- > 31 ^1 m t.l ^_j-A , fiJoj—U 

4-lI 4 C J^io- juJujV ^1 ^J^-i ^1 jLiil oIjj^oJ 

-OLcjl <^<11 CjJltcj IjLpj S Jj^pJl 

Ijl— 4 .4_Juij 4_o-jj j3lC. *2a» ts> ~ 8 ^758 






cjtjlaU 1 i(Junrttt 


' PROBLEMS (JJ(L525® 

. XjJ. 1 ^lla J^lSl J^Ji = f^j *4_In mjxft *3q-cuLi-a ^J_jL_u-4 — 3*2*1 

http:// www. sanunderscollege. com/ physics/ xjs = WEB 


d ilr_ 1 A j f, L> ^ i A — 


4ajL>JI (jydc. daJL-uaJI jJk \ _4 . Uj—oj 

.4.68x10 2 ^ Kg (jjjt, tSj^ 

jLL ^ya 2 mol L_£s 5.0 L l q 4 y ^ Sj^jLS — 6 

j >.j i. 8.0 atm Ja_*—u» jwic. _ <-* 

4—lJ 1.3 uVt 4_Sq—>JI 4_sl_L> 4a-*. 

.i—SjqJall $jufe Coj (gOc-ia^/! 

4000 cm 3 4_4-^&->. P^I 

1.2x10 5 >h« i^ c^>o ^j) jU jlL 

qjil—J1 olj^li cjV^JU ^j-c Eg .Pa 

adoj-u^ILa 4 £j>>. 43lL> ^j jl.i4> 5 j j cJ^ ql^ 131 

S3.6x 10 ' 22 J Lajji^ 

3qjJ 4 _Xj-joJ 1 £_)q_4 4a_txi^iL ^HLU^l jJl_>J1 — 8 
. 1350 m/s {jyjti La jur. 

^j> jjjJiJl jj_j>Jl L-^uliuIt ^>_c ju>q 1 

4aqjJi £ JUS> JlIc ql^c*!^?! 4Cq-*jj I Li 1 

32.0 g/mol q^r , „< ft u 3_J>1I 2UL&JI) 
.(4.00 g/ mol ^411 4j^t! 4i&]lj 

qjJU yLcj {jr^l 4j ^J1 olj3 jsj—c Lo (a) j 9j 
20.0° c 30.0 cm 0 ql*3 

; lo l JLjQ qljl .d—4 1—4 (t)) ^1.0 atm t.lo ♦. 

jljuLa La (c) CiljjJ 4 _£j^>J! 4 _bLL> 

3q3 4xq-«-u £jq»-a t.ttjH. Uqoll qJL_>dl 

cj) jj ^ 

jLc 1 500 L 4-7r—>. 5-jjqL^ — 10 

3 atm i]n* 27.0 C 3j1q—3. -x ic. 

(^ 759^ 4—iKJl 4_Jl. 3ToVI 4_fq—>JI 4.2$ LL^ (a) lu 3 .j( 


mI c?^ I-X ui 4 <_oL>21 -~ £ 

f loitl^Li /LwSij 2;ljjl = f~l 


qtuXl 1 1Rp,..A 

4 _L_^ 3 wLi 2 . tJu^JU X <,ql — 1 

1 r — usi /^4 4—xjl^Ls 4 tlr — 2 

j j—^ (JLi —4 i 4 ^^Lj i^X^- ~ l - ^ 20.0 cm 

JuX. ^yd JjjL>.^_^1 

jUlII 4L> 3q3jJU dj—ill j—.20.0 C 

qLj 1—4.1c .4—uJkSLLI 4_J*]t qljJ l_ 3. J—>• I ^_ T ix 
.t_jjLv q- 4 4xl.t_a 4 _a1*JI 

X i.t3-4l..f«*> 30 S LkqjL_3 4—*i.4j 3g .1 4 ^Js — 3 
. Jiq—lit s_yd Oj. i ■< ;^> 500 3, X -4jL3 

_<_u 4 _j^ijj 0.60 m 2 3 jl-bLJ) 4 _ ^.\ — lm —4 

£yd 3q^ «3iJL^LtJi (_ylc. 45.0 4qoil 
8.0 1 g~Lf.j~Ljj 5.0g l5 4qjJ! olq£^ 

do-LM^ud jlq_X4 La U^jO ql£^ t3l iTl/S 

.djiflUh ^1 r. <.Uin^llj 3^3J! 

N j), x x 3juaLj *<>3 t <?j jl.2 /waj — 4 

*A 34bLl!I 4j>- 1 nia .3q_JLuaJi -iq-j-h o!^ jj>3 

.0 3j^UJl Jq-uJi lL>^ 3 .t it 4jjij|j 

jhx 3 4 j m 1 jq— jJI ,\ji ojS 

j I, X 3.4 La . Uq_4 joLi-AjJI ql^ Lit .1) l^~rj_LAi 
(^yic. JaJt-JaJij 3^311 Ja*» j3jq 

C^Qji U3J 1.0 S 4 —3q —j t — 3 ^3 — 5 

£-a 5.00 X 10 23 La^JlX. jj CjLLq_>. 

oiL_^ lii .800 cm 2 4 _-,-^L ^.4 O^L^. 

300 m/s 1 -^ ** 4 ^ 3 4 _cq-j-aj ci>Lljq->JI 


1—-ol—mj , 


^ Ju_>Jl j—4 ji J-Lao-ajj 











£ya 100 m 3 4 -jj J^aJI 3j_u>- — 17 

< ^ u ^>1 (a) 300 K jl!^ plj_^ii 

»1^J1 3j!j—>- 4_>-j^ 4—4j^Lli 4_3LbJl 

<>jla cj-«j —st— j _ ljj I til (b) 1.0 C jl j — 3aj 

^Jl m <Lolii^ .LiL -v ^3j 43LbJI 
Sm jiaXo U 2.0 m ojjJs 

(Jq jjf-u A a Lg-tLc CiiTt a 4,.i.i-uij 4g|jla^ul — 18 

tLr>J>.800 K 3jl^->- JLt_c. *.1^-4 L^j 
^1 jJl,)?! 200 K Pa ^\j^\ 

f.\j —gli —U <lLl^ <jl ji—g-JLiib 0.35 m 3 

c v = — U^J-28.9 g/mol 

2 

JlJjC pij ^11 4.01^111 3jlj-J>Jl L r <-t^ j wl (a) 

4lg £ L. —^1 (b) 1/ Kg C ds! J—>-jj 0_s1j 

u lSv.1.1 £^1 (c) 4 j 1 J| b 4,4) Vi 

3Lbll1 ^ < o'v.i . U^L-u Jb 
700 K ^11 4 jjIj_>. j-%3 ^j^- 1 »i $ 

^jl 4 4 _-u! JlJu^H 4_lb>J! ^_yJl Ji^_*_j (d) 

43Lbll jl, \ a a i ,3 . 4_^^d] J_j 13 Qii.1^11 
700^1 3jlj^>JI £_SjJ 4_>jj^UI ^sLtiaJLl 

.K 

j ux. ^LUL> a>o 1 L 4 j* tM ^Lcj — 19 

j# 

^3 LjL-3e_3 4JLa O j—i 90 C 2jlj_>- <Lgvjj 

^-ulUJI ji jJLa Lu^-iu ^JLS - 4 3 31 f. 1 

[_y±Aj .ill —jJ 1 (^1—2iii 4. rvj j 

. 43^Jtll 4 jwjJ J lLc. f. lj_A> JjJ 4 j?e_£u 

Cj^— l ^JjL "3 ^ylLil uLu^JI j3i! 

. L $1a J5£J L$3jj3 jgjl3iij 

jLi 3 x * r = 3j jJI ^312—4 jLc. — 20 

. . 2 

P jL J>Jj tju^ ^yjd J_ Jclji _tiaJ! 

4bt is*i Lo, \ lc. . V 4. A- y -J 

4.-4 -iijJ 4lajut3s 4j^b ^yJj 

‘ «< **dl bj .(JjVt 4_^4-5c->. (. 3 J> J^3 ijyJl 
OjIj tUt 4>> C-oo ^ J^ 

4311x11 4.u^. g > .OjIj 0->0 4_jjI_jJ1j 

> 

4 b 4 »l^j jlill 4ij3.tU 


4-^-j>Ji 431b i.In <ua (b) jLJiji CIsLjj^—>J 

WEB 

^ oL ^ 11 (j^a sbg 1^. (_ylc. ^3 . 3-^0 4 g|j.b 4 4 >i [~ 11 [ 
Sjl^-gv. 4 »gwjJ jJx. (jij-ji 4 iL>. 

4^^_>J| 4 b lU i,<J i Ck jl . 1 rt & La (a) 150° C 
JL_jJ 1 jl.L a a L_a (b) £yi J£j 

3° 5^’ ci^ 3 4^.^-t.uJl clxx^gJL 

/(J^->. <« | J (Jl$ <uL Jlj>-1j (jl i/U — 12 

4_SUa] »L Cn. a 11 (jr 3 4_flLjSL!t (jl (jLi (b) 

. 3P/ 2 yjk (^tia jUJ 4J12LVI 4^>J! 

Lill jtill 2LJ^112UcjJll 2.18 

.((18.0) (Jjji^. (_^ cjULuJI ^Ll>u jlS) 

4jjLol 4^LLvljJt 4^Uail j_jJLx!1 ( juui^\ — 13 

J y vJ 1.^.1 jc. jaj jL.^11 j l - L jya 

• 2K jljiiaj 4j_)l_^>. 

5R 


. . 2 
..j ‘ 


alj—gJI (j-a (jj—^ - 14 
:_a j 300 K aj!^ 


4>jl jJLa Ij-p- jJjLiltjj ^3-33 ijjxxZuq \ ^ 3r. C-i_u-4 

t. ^ 4 4i .3 ljj tljJi >31 JJl->. .5.00 L 
4 b 4 ul j-j 4.40 KJ ^ 4_j&Lb ^LbJLll 

\_ 

CUjIj ilr>a Cr> C,t ->.1 (jX-lm (j^jjJLj^j! jja (J^a [ 15 ~[ 

v-o.1 420 K ^J| 300 K (j^i 


WEB 


(b) djljjJI a U . ..Ij i jlill 4 1 H~i 1 11 SJsllaJI (a) 
(Jt.jlill (c) jLill 4.jl^tjJt 4_£lLall S^LjJl 

. jlil! 4jju (^jJI 

209J Ja ~iti OjIj ^a -a- ->. Coo 4. ..ji.a. t. — 16 
ji_C. (j-e 1.00 mol (^l 3jij_oJI 4 Irwalj^ 

4_uijiOjy! 4jjlj_». 4o-jJ SjjJI (_54lo.| (^Lioa 

2_5LLJ1 ^ 5j>LjJl (a) j _300 K 

(c) 4ljo (_^jJ! J» .all (b) jl—ill 4- 2->-l jl] I 

.4_uL^Jl]| 4jjljo. 4o.^4 







!jju»j (y — 1.4) (_yJl —5— « jl— c. (jj« Jj— a 2 [ 25 [ 
5.0 atm tin LuLLptj u^j} 

^ U (a) 30.0 L ^L<L p**. ,J\ 12.0 L 

ijr jb La (b) 5jLi_U ^01 t!r>t .<>>11 
Ju>-j! (c) 4_ojL— 4 _ -uljL^jVI 

• AE int ,W,Q 

27.0 C -Ur. ( y= 1.4) — 26 

4_ow|jj jrLflJLa J^Jt—uail tC j 

.50.0 cm 2.50 cm ^h*> 

LuLu-il jLiJI tira-* -a^u Jotj—CwVI Jwj >-\ {_y3 
(Jj3 800 K Pa da-*. a a (j-ujj 

jUlJ! ^3e—>- (a) (j-ui 4—jLLI jl—i-ll 
Jaj-i-uait 3jl^ 4^wjJ (b) 2 oja xir> 1.1 

ciLa—■ i-uj £yi ij-rx a oJ2,1 (c) 

<>* 4.00 cm <*)? j* .2.00 mm 43 Ijjl>. 

<_r4 iS^ U* '-$3 £-4-- 4uij JjJo 

d^LjjJt jlj. A a La . j_4 OlP 1 


. £-33^1 LaJ£ 3 J-Lu 4-iJLC.j 4-il til < u ^3 t\ j-A | 27 | 
300 K 4_uljLuVl 4 _>-jJ du\S LLj 

(Ja—uo^IiJL 42>LL . L lij ^cJ Ijjj 

La J_Lc 4 j>.jJ> jl jJLa La . JJ <>311 plot 

t ^ <*■ 1 < \ 


5.0 mol tL* lM Mi lUI (j* Mill jl JuLa La — 28 
ulxi-ubj 20.0 C Bjljow 4 j>.jJ Ju£. SyA 
4 U<«1 ^j ^,1^1 1/10 1.0 atm 

4_uLo.it 4 .ila-T, (b) 4_3La^j^jt 4 _Lq_c (a) 

(>* J£ ^ — 4 UI Lai—ju4> 1 —* (c) 

. (jCiJLJ! 


Cul^i 1 4 4_a——3c_>- 3jj —II iJT ji—13 jUL — 29 

3j^jo >j .. 3_> 4ol^la^-ul (y = 1.40) 


Ju_>-I^ lir a J^D J_Ic. jLJlJI Ij—U ♦ 4 1 7l A 

3 j lo->Jl ^^3 .300 K —>■ 4_uwjJij 


4j>.jJ JU£. (Jjjt-Lo jLc Jowl^ Jj- 4 “ 21 
C1 aj>u 4_t.l .4.. «J jl—iil . 300 K 4_ul J^HjI 

4__3LL i_u_ca 3 51 j (^j-a^^ol) Colj 

_c. ^40 . 3jtj. _>4i 4Jo_tj/l^j 500 J Lajj_ 3 

{_ya 4 a- 4 ^ H J ,1 3. 3,4 4jjLj3^1 4 jL *1 

4 (a) 3jij—>Ji 4 L ^< 1^0 4 !al L II 

4jju ^jJt JJL 3 JI (b) jb*4] 4_uL^.lIi 

.jUil 


jLiJI -J/ij 3>£)^-4 u- 4 3r> a1~>» 4j t-Lc.j — 22 
( j_a (Jj-« ^2’ C| 4J^il 4j-C.^lJI 4 jjIj_>.j 
(a) C *2 4 -oJ^-4 4 3jl^_>. 4J^ (^j-sLjJ! jLLI 

La (b) 4_J^1,1 4 A_rI 3j I Ju>-j 1 

jLiJI 3)1-^ I3l 4 _jJ^JLI 4,.j.r^lll 3jl^_u>Ji ^^,-A 

* " 

L^Lj a—caljl—*-!l ^4 m jj^o LL->l-v 

4-j-l^U 4_jjx.^_iJI L$jIjIj_^j (/i|, 1 I 2 , ^ m ) 

uM- (P{9 ^2’ ^3**‘* ^rr) 


4j J>-4 - 23 

^.1*3 . P• jlc. V * L a J e.>» t m>J (2 ^, = - 

# 2 

LjS^Jo <_ j mLuJ jlajLi^ail 

(jl ^->*3 4 jla «ll 4 _jL^j <jr b i^oac^>JI £4 

jLiJI Loloj_>J 4ilj^-uJl iia_<_uj3i ( _ r *-U2ltji 

j\> 1.3 4 (juc. 4 3 4 j 4 ^ hi ,tsy jLus J_£ 

JUl ^ jUUI cAa-Z\ ^I 4__al_kil 

.Sjl^ 


.^UUt jtiU ^LuLxj^Vf 2LjWl 3.18 ^<^3 

(jiJjjLa- 5J| Jtii_LiJI Jaj Hi .U3? - 24 

.20.0 atm <^11 1.0 atm ^ 4aJi_ l^JI jlj 

LJ11. jLill oh **jl ■*■*" 0^ 

> - i —’£ (Factor) J^L^c. (a) y = 1.40 

4_Cjj_j _ij (J^i_ C. i$\-3 (b) SJa-i—tiaJI 

jl > ^ at it. r i i>>—~ll t Ji J I jl (c) ?3jlj >J! 

3jlj >. 4—j-ic. jl—iJI ^j-. 0.016 mol 

A E int , W ,Qcy>£ jIjl^. jL^jl 27.0° C 

. 4jJuJ- i k^aj 




•f 


ISLwLuJjlj ISLulSLjt - JjVl fJjtJt) 



U 

Before 



After 


P31.18J&& 



IX l 4,18 


01 Ov */ ju-£. 4_1 0 HJt -° OO-*^ ~* 

4J CjI—O j->JI t-iii-j ^"tj ^jilt j\ _iJl 

4_d>*l jJt 4 i K11 4_IL3Ua (1) 4_Jll]| 

4_oJ^i,! 4_j_c.jjJI 3ji^>Ji (2) fnRT/2 
4jjjij >. (3) fR/2 jjy-& ft -?*—,.u c, 

cj— il5 Ja—*—uo ju — ,c. 4—i I^il 3—o-tj-iJ! 

(£$!_u y 4_;_~U! (4) (f+2)R/2 ^ 


Y = C p / C v =(/+2)/ f 


WEB 


(JLJo jli: (j.4 J^-a 2.0 33 

Cxjlii a. Cjjso 4. USJi a . ,,.1 1 

jjJlj O 1 ^ (s) Cula JoJLa<o uu>uj 

jjju £>u>JI ol^ I3j (b)j cu^A^f V 4J^jj 

* <-_) Ju jJbj 

4ujLu ClijLiil (Cp, Cy) fU- 3 j~ i iS\-*■ tu ijj — 34 


_>J (2.18) 3jjJI 3.u .ur.j SjjJi 

JaC. 1 4 --Jj^—>JI 4ll5JI 3jl_0u J^0-3 ^ II ^jl 

.4ioaw^Jl jJL^J 

jLiJ (P35.18) ju 35 

j^ 153I (_^j3 4-0i—*_ujl tojjJl CI 2 

2.0x 10 I0 m (jr & Cl 


Jai—iiall (JLj-xs! 4u}Ij ^\ JajL-Jail JUj 
JJucj 4_ul_HI 3jJx->Ji {jr 5 .CJcjlii ^_3e_>- Cj_>o 
{j7 !$ 4 la*_ uz> ( JT 1\ 1_.uLluJ? 

LjjLjjOjI jLiJi t Qu^0t 4l]lJil 
(b) 3jjjJ! tfJ —PV ijr ls^La ( 3 .) 

^LuJ^i JU 4 ~J1 4jL$_> JiuX- jLiJl O^- 

4j 1 Ju JLLc. j \—ill 3jlj—>- 4—>-jJ J—^^1 (c) 
3 j!j_>JI 4^-jj jlo»jI (d) ^LjjVI jJ u<uii 
j_J^JlJL1 411 11 ^y-^Lx.0 U (c) J^^jlII 4jL^j 

olxJt ^ 

(y — 1*4) 3j0Jl ^11 h a jCO — 30 

4jIjl_lJ1 4 2lx a JU 

5ji=Lk]l ^3 T|y Vj, P| J-k. jLiii q{£ 

Ja-i_tXJl Jl_ j_ a\ Cj^Lj Jaji_uail Juj 

3j_Ia_>J 1 Oulu _a- CJ_>*J ^ul jui.yi 

4-ln_«—uj Lul—juJjl j\ iil JJuqj 4—_ul— jJI 

jLiJI >1 4^1^11 3j)la->Jl (jj-Sj ^yjl JLxJ^/l 

4^M-»J1 f-ujj\ (3) JjVl 4 _x^jsc-jv bjOjju? 

jLiJI (juj (b) 3jjjJt JJu^j V, P (j\J 
4u>-jj JUv^l (c) ^LjuJ^/ 1 JU <Cill 4 jL_^j 

(d) ^LuJ^i JJwO-jJI 4jlJu jLiJi 

La (c) 4 jL^4 (jjS 3jIju>J1 

. 3jjjJ! oUgi jluka 

oi(Power) 3jjj3il JojJl *UM - 31 
^.l-C. tla *-x^aj . Jal3^1 u_j_u 

~ * f 

da J -L J J.-a-u 1_ ajSc. Jd_ lu\ xl, ill) 

4JV1 (1) L yzj-Ji j LxjLjLjJI jL-*Jlj 

4-Llu ^jil JajLuaJl (2) 2500fpm JlIc 
( 3)^w20.0 3j—JIil_j_a JJL_a_jJl ^J_l3 ^jjjL-uOU 

Cj\^ 3^_JuLj_a JJua-Jl Juu^ ^)-a 3 Jad->Jl 

<_Uj__JI 400cm 3 j 50.0 cm 3 ' 
jjlU! ^jJI ^jJI (4) (P31.18) 

JoJiJ! (5) 5 _lKJI SjjjJI ^3 1/4 jlUJLJ 

JluwjI i Y —1.4 4_Jj ^yJLiU j\ — '*11S j—lSl. jli 
* JJualiJl 4 -lLcX. s-Lu! 3jJjlU 3 jJl 3J1 >la <■<;La 




ujIjUlU 1 wUjJaj ijmxC. JatUl 


4 liTi-V a uL^jj I 4 J Jlj>.Ij {j-4 15 | 39 | 

Lc-^" r j —ljj {jLuij 2 . 0 m/s 4 ~ c j-lm Lajlj>.I 
4 _jujtj 5.0m/s 1 4 1 c..j^u oMiij 3.0m/s 
9.0m/s Lg 43 }Lj 7.0m/s t.g~ r. 

(a) 12 . 0 m/s 1 - 4^3 r .j—^ o^i 

^ t ill jJL_>J 1 (b) 4la x />j—ill 4_c.j—cuJI 

j-4-iij -f.fcJ l (c) 4_c.^_t-u J l ^—j^—a 1 >>j) -t 1 

ciLirJ 2LaiL%.l 

fj) 4 JI—>. {JT ^ ^j\—L ^j_Jl_u5> — 40 

^i.^21 iJ 7 ic. 4.2 K 3j —>. 4_>.jj jul c. jJjI— i_o 

jl ♦ tl J ^ ~i f, 1 4 _Ll_3j jJlC. 4_j? jj-o 

3jjJ jLl £21 4_£.j—(_ uJ! t LJ UL ^ a 

6.64x10 22 Kg) 4 _L£) 

6'—'Jj^u-SL^ uj->'-^ iy> 1411 

V L -c— ~ t — ~> -1 4_c.^_i_uJl (>u t4_x.^_<_iJl 

^>.*2 .29.18 4jjt_*lL (jr I^-ju ^jLc 

* 

^1 4_Lx2jJI ^L>Lj 2 L <Co»l 4x.^_uJI (ji 

4— CLj t_uJi {jr l^a-A —a — U^J LkjJx. 

a i<~> L i u .i dNJdv 

4 -^j 4 JlIc 2 JLlu -4 - 42 

j.b-^Ii oljjJ 4 _Li-^j^. 3.1,1 4_Cj>—i_uij (jj^3 

4 jjiil >. cj^L^VI 4 c-j ljj (a) < xu 

d>Lsyi (b) 1.12X10 4 m/ s (^jVl 

^ItjI j 2.37X10 3 VC\J S <LujL». ,jja 
4h5 <jl Jo^Vj cOtsVI 4_c.j_t* J14 <_sL 
6.64x10 22 Kg 3 ^ 1 * 

Ljjt LJ j-3 .uoJi 3jlj_>. 4-^jJ Ju-C jU — 43 

£Jj_l] i j. A C \ _USJ 

4_jj.LLr>U j|jui_^3 La tjLiJl 4_£i^_j_u 

4_^>.jj J i-I c . V - j Sx I 4_Ial£[Ji — 44 

jljLLa La (a) 2430 J/ g ^yJt 4 _ 3 j_iJl 3jij>_>. 

^.1—a (JS 1 ^ 1 J-U. ~Kj -tSjJHll 4 L 9 LL 

^ J763^ <J ,* (b) Sj-itjJu 1 ajl r . 


co= 2.0xl0 12 rad/s 4 jj!j iU t 4Ji£2I 

^j-5cJi 4 oj1jjjJI LsLL ^.aLj 

S 70.0g/mole 4_djJLi <c££j Cl 2 


P35.18 JS^/ 

3 -J 5.18 j4-ujhd 

I C>Lc^-oa 11 6.18 

JlLc (^j jJl i j. ^11 ^j_a i._j.x < \_a j_j— a — 36 
2.7xl0 25 ^Jl jIlscjs j. a ,uaiI 4 _ 2 >-jJ 

3jLLL, ‘i U 4JL>Jl Ja ♦ 31 JlIc 3jj 

10.2 eV Lg-lJaLL L^JD J i s ^ 

cuXI ^y-a-t-u- l 4 _b 1 ^ 1 < < 1 a 

^L^j^ j_> ~*i / »|. 

Sjl~i~i in 1,1 5JL>JI oljjJt jJlx. 

ijr^i 0“J—i—“4oi J— a—ua ijij — ». 

.10000°C 

^>UiJ ILL33 cjJl>uV jJ^->J! oijLp — 37 

4ju^3 ^13 1 »H 

CjL!l}^-j>J ( ^L3jj 2L La Jljv ^_ul3_lj_u 

J uit- 3 - m l . 4 a l3_-> a (J3j£ L 4 ] 4-3 h±X\ 

4 1 j u) j j x ju 4 1 3 1 £ 

‘^jl m_a f “5^21 ^ 2 iLj^j:>J 

lO.OKm ^L3 jjIj 

< _ y lc. 3-^3^ 300K JlIc. 3jI^>JI cjL>.jj 

28.0j (0 2 ) _«—SU 32.0 l_^t 

. (N 2 ) 

j-iaij-a jJ^LL '3i~i M ^yjjLc. lLjIL — 38 

i L> i ^JU-Uj-3j( jJl_> 2! j_a jjjuuw 

4_l«-oj (a) ciljliil Ahl cjLc^_uJ1 

37 CL, 35 CL j^JSLU 

(b) ^ ij_2aL L«ai£. 

5 ^ya 



ISLuUuJLlij ISLu t Sutt - * bedsit 


20.0 C 3j \j->- 

_>.j^l £j2d Ji_*_3J! j la3 II. 1.00 m 3 

10 


a^(a) 3.10x10 1U m 

L/jJlIc. daJLtiaJl Jl_>.j! (b) £ da uu 3-311 

(c) £ ~ 1.00 m Joi-u i 1 j L:_u.t 1 

i = 3.10x10 - 10 m l*jatL .UJ..^. 11 

jA^SLdij JjI ui>A 

(2.5m x 3.0m x 4.2m) La^Lju? 3 - 50 
jlL t . \ ^ j, °> c_)Utj\—>- jj-c. L-. x . ^ .u— -> > S (a) 

(b) 20.0 C 3jlj_a*. 4_>.jJj dad—clait 

(j! L y=>j-0-3 ijl—iil IjLJfc 4—in $ 

1 ^ ~ 1~ 3jjJI 4_ul_ij cjLdjj—^ Cy* uj>^\> 

dsu-o^-u—* (c) 28.9 g/ mol 4^ Ju3 ^>Jl 

jJ—adl (d) {c,j —acJLI 4 _£j—U i 4—sLLa 

4_j— u^_ad I 4 _£.^_«.u J 1 \-dj-A da—i_u^dd ~i l l 

4—j_iid 4 —j—3j!j—U! — a-i (c) 

0 ^ ^ - , * ^ 3 *jb-^d' uM < - * — 

4_>Udjdl 4dsLkil j^wj! .A£ im = 5«/?r /2 
^3 »jj) ^ U 4 _lLvI jJI 4_3ldaJi JljwjI (f) 

.25.0 C 3jJaw 4 j>.jJ 4j3^Jdl 

4-^LLaJl c 

^^3_>o 4 -LjX. .(yuLJi (jyllixs jLij 4 JU jJI 

^ 2.00 mol 


dE int = 3.5 nPPUijJI -51 


oi— A 4 c. 3j—ju 3j jLUl 

100 dad .da Juic. Lota Ij_xjj 4_^d^cljjjj_xs^3 

JU U . 300 K 3jlj —>. KPa 

p^c->J J daJutiaJi cULU! Cj1-l1 ,4-»Ji djA 4—lL^T. 
43Ida 11 j>_ta.j-Ila 4_uL^l!i 3jlj_>d! 4_>.jJj 
jt_ili 4_3l ,.ts\ U 4_sldallj jl_idJ 4 .d-^.ljdl 

4_LaU^j Jj-1 JU J_i_uollj 3jJ__aJl 4la <« 

dad—uaJl CjLlj £~a {jZ*lau jLill (a) jUJi 
^1\ pat_>Jl Citaj j_ 4 (b).400 K 

120 KPa <_JI 4 In« jlJ jl_ill (c) 400 K 

dai _ud (d) 3j 4_ oi _lj ^-A 

. b20 KPa Lubbjf 


Ju£. ,UI ^Ldc_i 4_^j_^u J I ^_j^o daj-u^Iii 

3jlj >J1 4 _^>.jJ {jr 3 \—a (c) j dr-a all 4 . la>d 

3j3jdl 

■ t. ,,.ti 7.18 (<> it t ^ 

-»Jt -fl jjj-<^U jS— 6-*- <_ r _a [ 45 [ 

jUOl J ->-3 Ultrahigh Vacuum 

.(133 Pa=ltorr) l.OOxlO ’ 10 torr 3 _* 

jdaS L^J jEiji CjL1j3-j>. ^y=>j^3\ 

1300 3 jtj_j>Ji 4 _a-jj 3.0x10 ^ m 
Cjld-Jjadi jjul (a) K 

CjljjJjadJ cla < o^ll. 1 ^>dl j\ mil (b) 1.00 m 3 

4 X.j-^xidl q\ sj^j..-0-i CiLojl—ua_3J! JjJ3 (c) 

.500 mJ $ ^ 4da^_ujiil 

Ui ^3 - 46 


"b fHH 


^3i CT^J 


LUi 


4j>.j 3 daa^j3i LLg jde-Iu_ui Id] .u^-c j^la JSJ 

Ijuk LLuaj—3.00 K j\ j 3JU _>di 

(j\c- a) 0.20 nm <?^das a L a ^ j <.» 

i la < j-AQ pi 1 <> ->■ H da-<-o^_!lU jy. >dl ^1. mil 

(b) cjL-xsj! ls\ .311 4_ijuajJl 3j—~i Ut 
JU Jca.!j p_u_u_>. 4d i (a) sjadi 

.L-utUo ^ILcaltJLx^ 


jld CjldjJad da_cu^3i,t J^-d.1 (ji O j 3 1 — 47 
P dai-uaj P 3jl^aw 4_>.j^ Jl It. 

42nd 2 P 

L^P^di ^da3 ^j 4> d CUa.a- 

jldasVl b *lx.J — 48 

Lilj a- 3 j ^3ii (tla-^ .jJlll (d) 4 j —aU 1 

Jua-lj da» 4s~> J^£.) ij^T 

jpj ^ i\ (j\ Jo-3 (20.0 C j 


_jljj—( j*Lar —^ La 4 ) O 2 


.(3.6x 10 ' 1U m 

4_^.j3j da_L_-uali jdc. jL^- -49 



ljIjLjlU ASj-Ttl I \ i j Hic ! 


( 3 ) 


^lr. ^C, ^..i..'>u ^.u-j.V>3 1 C i-l-j-4 4jIj)U 4 u i — 56 

25.0 c 4—*1$—^Ji (^a 1.2 Kg 
a^LLs ^LlaiJI cAj*uI .200 K Pa JaJuJaj 

£-a jj 4-jJLj jLJti] tj .4 Sjlj, ^11 4 K < ol 

jju 4 oJI .400 K Pa ^Jl JojLuaJl 

L<£ c-uL^ j daJt 4>>11 a2^LaJ1j 

J l -^j 1 (&) jij ^ a C P— CV 1/2 

^JJl ^cj*_^>JI (b) ^^IjJLjVI ^ra-..>J 1 

(d) 4 -ijI gtll 4 _jwjJ (C) 

jl j— a —« jl_>.j! (c) jLiJi 4_J dj ^jJI J *..<~dl 

5jlj r*JLi Li <11 cd.a_.Hjl 4 sLLJl 

. M= 28.9 g/mol jUJI ^ J Jl 4t£ >0^1 

^ WEB 

4 La 3_iLi K ^lLs! t lA iVI 4_tLL^j 4_ilal * 4 >1 iVI 
>-JLlj l L^jl L_3 ^_Jl] 
i^l daJuddl ^j-ULja jJjU. 1 SjLlI dU 

O* 


K = — 


1 rfV 


^J3 


V dP 

4 _Jl_taJI 3jl- dj^\ IjUt £_uoJ (a) 

.4_x>.jj 3 Lil^ K jjl A3>L*Ji 


LJLa^3j^-il ^JUa jVc. da♦ <H-> I jj 4 jI cw(b) 

(c) K j = 1 /p Ai^Uib ^ L ->«1 AoJaLt </-nl ^ji -3 

1—uLjjJI (^ylLlLa jLc, JaJLt^ Lit Aj{ ^U3_£ 

(^VC K2= 1/yP aJ^Ljl I L} 0 L->*“ 4JLtIaLi_caJ I 

JllC. £jjdl ^Ld jUJ K^, a j A 

.2.0 atm kki^ 

AtlLui.4 - 58 

ijr £t, ^liLa jLc. cjj 4^11 a_c.j^4_u (a) 

[yW 


v =. 


M 


A£^l_»Ji ^jdfc-Laui . A_dj.ll Al^dl ( j y _ii) M Ca>- 

^c-ao-S <^-a jdl ^3 Oj—t-oJI A-C-2 4 u 1 A_>sLjtII 

jj-a ^ a >J1 Ajj^II A_4^L_*JIj 1.17 


^3 3jj) i/VT aj m l_£-La All^ 1 a J 4 41 2 " 20 - 52 

I 4 ^jLul 4 all -^i—a CjLi2.j_i_u L^l V 

L^i A aua 2v A_c.^__ 4 _u L$J Aj^Ljj V Ax.^_ 4 _u 
L^J Aj^jj 4v A_c.j_4_o L^J A_*jjjj 3v 4_c^_4 jj 
AJ bv <Lc.j-lm i a (jLulj 5v 

(b) 4—c.^. 4 44 11 da_4_u^-IL_a ^a) >J_>.^1 7v A^.^. i.t: 

{c) 4_^^_»aidl a 41-\ < “ft U ^—id 1 ^jjL^dl 
^jj| kU; Jjl (d) VLjl^I jJLSVl A^j-aJI 
(e) f.L^-^JI cj! 4 j 4 <4 > 4 II Aj jc_>d 

. c3^ A^^_>d I AjSlJa > 4 a £la 


WEB 


^JLlIwa — C. ^ LgJ A_jlj L>. t u 1 

W— JP dV as>L*JIj Ijuj (a) ajjLujI AjJUju 
t Y 

^j! (>j PV = const. 4 _Ja}L *_!1 


53 


W = 


/ 1 


JjJulU jJJtaluJI 

w-W 


. Vy — !y 

l (j^iLSJI 4 JjLx4j IjjI (b) 

# 

L-uaj| JjJL_dl (Jjk—tjJl jjl dcjjl .4_jLudL^ai! 
4_a._tjjjl eJJt ji -NCy {T- Tj) ^jLoij 

.(a) s 3 ^>J! ijlLxnJ,! 

^ ,,. ’ey! ! j r a |l.OOxlO 4 L^j ijjj _ 54 

* 

l 4 —tMj (a) 500 K a_>.j 3 j-jjL 

(Jjj) < 44 <UL A£.j-4_uJI ^3.5^ ^l-d 1 ajAj LuLu 

A-C.^ -< 44.11 _ 45 (jr^" daJxil ♦ A-Cj—4- J I 

Cj^c. (b) 100 m/s jl JtJLaJ 1 4 x>i ju ^£. JLa- j j 

#= 

4—4-CAL>» 1 (c) VLaTc^-1 4x.^_^idi ^xa^JI 

lLu_o^HI. I A la j 44jHl.I 4^2-4. al l 

^-i-a^JI da^-JI idl i JJL>-J ^A^l^-auJI y-A 

iy* O—jJ—^ c>—a^ 3 (d) er 3 ^— i — 

LTU <Gl_C.j_ us (_£jJI dll_jjj_J>JI JJlC. 

.600 m/s, 300 m/s 

-U; jlLc. A/Lu u» - 55 

l_J^ >J —lm j—:v J—^>-4 ( Jlc .\ 

[jjjiLi 1 jlii j 1 j ^ II 4 ,: . n > La 
LajJc. L^.>3.i V~i <<ij jl 


. 50 m Ja£. i In j 



\S u l a Lu Uilj \SLulSLdl - JjYf £>*}!) 


{j\ , T ajtjav 4_>.jJ JuX. jLL Cjlojjo^J 

. (jy-*k U 1 ^ 4-aa^JJ 4la-uuyLM 4^1 

v n = — Cv n Ndv 

N Jo 


jju>JU a- 


r 00 3 

fo xe 


r x 4 

fo xe 


-ax' 3 

dx = — n 


0 2a J0 8a y a 

^Jji —oi SjjJi ^yil ~j -Q 3Li: /ya 4.m .r ~ 62 

2a_i — uail J ‘tC. 5.0 E 0 jJl -2 1— 

^jJ! Lr^- A 4_LaioJI 300 K 3jlj— >- 4_j>.j_}j 

_>■ ^aye—aJl Cil— j 3 £->a tlxJjs —mi (P 36.18) 

tii^j ^5 (B 4 Ini 2 !) 30.0 atm Jai 

(C 4 Lai ill) 1.0 atm LoJ Loj3j 3^ i j j . w o ij 

. (JjYl 41 i>>j LjjLj^jI iL*r>> 4jlyJl (jr^J 
J_>.j 1 (b) 4 m all CjYjJLI JJl_c Jayj! (a) 
^ySjJu (c) C, B ill Jail CjL>-jJ 

4jvjJ J-4J-*jY 4_iilylJi 3j^j_>2! -j! 

4-iixi jJi 4^lkJi Jawji Ej nt = 3/2 RT / 2 <jl Ctpj 
Ej n t» T, V, P (C) A, B <jr U Ui i3 1 Jok: 

cLai ilL 4 la—<J3 CiYLaaJl .JU f J—> 

C— > A, B^C, olal 4 »fl j-f tC i (c) C, B, A 

<iili ^y« < 0 j—3>^4J t-i j - Js 0 th*i A-^B 

J11 W, Q, A Eint jy.^1 (f) iLLc oLd^l 

. L^K jJJ j-yj! (g) Cj L U «11 lIUj ( ja 2 

.A E int , W, Q ^jLi-a A-> B^ C~> A 



. <-a LJ i ! JL A 57 4l Lail I 4a*_j_aj 4.12 ^ i At 4 

j Li. J>La>. 4ajy/axll CjLjwjI! 4_^ja>. jaa 
Ail JjX-la-aa j? !jcv 4 ouj-mi La] oLLal » i's\ >V1 

5jIj__3kJL 4w*LLJ 1 ^JL-iajl ^j! Ca_SJ \ ts\ XJ 

oL)J jl 4_aaa3Ji 3^yLa] l 4jLi^ ^Juti La] ^ojV 

cjLLaLI ^ oi l_a aUjJ t J3_^l V/U ^ 

# 

(b) Luluji 4JUJ1 &JXb iJJ £t Cj^Lir.lir.ajl^ 
4>4> Oy-aaJJ 4jj-Ii.il! 4__Cj-aail UoaO-i 

jJjJaw (J7 ^ gUrifcJLl 4-a-aiJlj 20 C Jail 

<jt cy31 (c) M= 28.9 g/ mol j. «i r.l 1.17 

j_4> /^ILa 3^ 4ilja-u 

.._ (Fv 


15.0 V(L) 


P63.18 JS^r 


i.4l?r-aru -JjL^ . 4ia£ IT) c Ty . > - 

^ j! 

Uj-aJ \ VLw4-J1>»1 4-C.J —tail 

♦ 4 La .1 .Ujpl.1 4il^a^il!j 4ilja-uJi ^Jj-a i E 1 IIJO-L 

C-x 4-uil 1 <— iLa^J jJJ Ja ^5^ ^alljjJ ^jL^aaa! T 59 jE 

Jjj—«^L a -jj _iLiJ ^_tii-^tj jl_iJ 4_ JhJ! 

V (“U ) (<4^ N x ,(u)/N 1J ('Ump) 

v^v^SOUv^lOUv^Vnp, 

2v mp’ l0v mp’ 50v mp- 

.Ajjjjuc ^L^jl Cj^LiJ ciLtalaj 

jjfcj iCjljLiil Jjla 3 4 ^. t _ ;r i3 ^xuuv — 60 

o!j CjL<M-atj»J!. ^ jitaaaJ 3L^>- 

ji J a 4—Cj —1 «.j jjJ lj L_^1a__5cj 4 iia—>Jsl 

S* 

LiaL> . CO 4jjI 3 4^.j-aijj r £j.ln4 <. (^jai J 

jiJj ^joJI 3j_i]l jljoi-a ij^Lail jjj-jUJ 

t—jyj_uui (a) ./? 2 C 0 ^T 3 ^aa-xa_>21 /^lil 

cr^ cu^LiU (^ 3 -^jil j>EJ! 3 L^v aJ- A-.I iui 
^ru (b) 4 rtl*r LU Cili oLia-tayJl (J-uafl 

r ol.A 4^1a^ ^j| 

n(r) = n 0 e mrW/2k ’ T 

jJLacJi 4 i < <tilL 28.18, 27.18 ^^yljLca ^3 — 61 ^ 

4_Lx<ajal. 1 4<*•-J mll j 4_C. j_<_al \ 1 E 1 /ij" I ^yfcajjaJI ^^266^y 



LjljliU ijAuA. ^4Lull 


n : m 


{ j^>J^ I 4_u!>L>* (J-4 o>La>U a^JI 

8 ‘iX^ 1 u )3 ^ m mgR <_ys> 

R t(_pajVi ^c-La^u Ju-C, 4_j., /^>jVj 4_ j_ 5jl_>J| 

3j(^j>JI 4_>.jJ <_xj_u_3w| (b) <_pajVi jA\9i i..3-uaj 
4_£^_j>Ji 4_JslIo jJu 2 <_p 2 l /j^j! 

jJLiwOI j <« C. titj 4-jujL^Jl £ya O^L-S^U 

. £jij?e_l^V1 [*£^j> 2 4£^jj>Ji 4^LLa Jja_<_u^ILo 


W'i xm\ 4 » /l>Vi 


> jj-J ^1 Ji-a- "i i </Lj — 65 


Ur^ ^ J-Jj_u £^_uLjj_uiJl 

£^~cl <_ijL^e__lj| ^J—>.] iJT ^ . j i t i/i 

0.24 mK ^il cjljjJl 3 j(^_>. 

j_Jj—4 2a_4_u^_ll u * . Jj—>JI £j^c. (a) 

.4^wjjJI &Jui> JlIc. ^J j) ^ 11 CjljjJ 4_c.^_x_uil 


^ (jr^Il cjL1j3_>JI £_jI £jd_s (a) - 63 
^A I L_3>LiJl ^j-4 h ^LajjVi 

J ^ J _ e (-M8hlk B T) 

£)1 (jr\- Jt— Zi — I 4 — Cx: —j IU1 <?Ju& ^.1 V - lm\ (b) 

iS_i -v H £-1_3jjV 1 J3 <«1 CjUuj_^>J! <_a_ usj 

4 >t 1L h’ j1j.. 3 4 L^ /j'=& B rin(2)/mg 

s^jSu 

<jl 23 _>.Vj 270 K 3jlj_>Jl 4_>.j^ £)1 ^ £irl) 
.28.9 g/ mol *(^Ai 4-J^il 4i*i^]l Aci-tu^j-a 

^ 3 ^J! ^Jll £jI£ ijj (a) ^JUKj^-qjJ All ni4 - 64 

£ys t~23j £jl « tij 4jI_£ 4_j_sL£ 4_£jj>. 4_3l_La 

Iji i a |>1 JL-st-Tx— <-oLi . 4 _i_udj V! 4_ujl_>J! 4_l_3e_£. 

4_sLlo (j^a jj _ 3 (j! fj\j 4—sLLlII 11—3_s 


ANSWERS TO QUICK QUIZZES :Kcj^uJI CiljluiSI ruU 


T ^_UJ^_iVi jtjLJL4l {jyAc. 4j| Lc-5 .lL^2_5 
ilJuj-juII l igjlo 4 _ojIj £;^3 
.jlili 4 _iL%. 1 jJ 1 4^Hail 

JaJ lX. oLjJ^cJ-U ^_y* C_^>o 4_^l_i-uJ.l (3.18) 

. oLr.j—i_2! £^.4 (^jlII \ 1 xa > ijr 3 >J1 

£^U 1^1 C.J- j-li 

jLiii Ly A^i\ c ^>2 1000 ml s, 800 mis 


<Ul Vi ^JLc ^c.^_ou cdj-^L, ^3-^J! (1.18.) 
CiLlj^_>Jl £-A ^ol / S\ ~ J 4jV \j^jAS JuuLjjV 
J_4i % ^eJ A_il_ is\ ll! & . ^j>_VI 


i>■ £_}! «■ j—iLai! £^—4 .^Ll^VI i t u 4 

^b> 1 11 4_>-L>^j £^_xi Jjqj 4j^ln.«.)i 3jLU 

J_f»- It j V 4jI Vj 3j_?c— >JI 

# # # # 

ijl 4» >a , X. se7ii jJ-j \ 4 j 3 "< 4 Ijl m a 

. CjLoLuoILII liilj i x-uut-i Ijl^ 


Ci^o l_Aj>j-c. £^>s T — 900 K 


. 7= 300 K 


4 jjl_*JL 1_ 3 _ila (jr-^ 1—c-^ J2aj Eint (c) (2.18) 

^ <Jb E int ,(10.18) 





yjjl > uVl-4jjlj_aJluVVl 

<U)I>*IIj^li y> fifty 


Heat Engines, Entropy, and Second Law 
Of Thermodynamics 




ljI i C*L»uaXI 5.19 

Heat Pumps and Refrigerators 

Entropy 6.19 

uUUddl 7.19 

Entropy Changes in Irreversible Processes 



8.19 

(Optional) Entropy on a Microscopic Scale 


^l^llSLuLuall^jUJl^UJlj uWl 1.19 
Heat Engines and the Second Law of 
Thermodynamics 

AMijSiaSlju^ uLUjJIjIujSjJI uLUall 2.19 

Reversible and Irreversible Pocesses 

The Carnot Engine 3.19 

d&JJdl Zlij jrdjjL^I 2Qi 4.19 
Gasoline and Diesel Engines 














I S Lu i SLjll - ^JjVi g. jsxXS) 


4_3l_LaJl sha L>°~^f 3 * “ C ' (Ju-a_aJi <?Lu_uj;.S ^£jJi 4-Jjij.oJl K i dLljjdJ JjVi 

3j}Ji5tJ La ^LLjJ 4ol>.t jJl 43UaJ1 1 <jl ,_yix ^aJj ^jjLoil I SJt> - 4ai>-i jJi 43 UaJl J3^ 

j. (jj->Lioilj . L*_a £juu^?L jl (J LuuJt 4_La_c^ljl 3 jIj^>JI 4 ja_4 _yl4.3 UaJi JLaluV 4 ^ jJu 

*= 

VI . 4_d_>.i jdi 431 Lrtll I j. j-*“' CjJc-stJ 4-HLaj ^j~a ^ L3 £ljL3jj ^JJLckll £ljI_3j 

(_y a 43! <-3^130-^1 I J3> jm^LLo-c Jo- I .JjVI <j^jLoJ I £jja j-uaJuV £yi33VI (j\J L)jJb£>» Lfi^Llcvi ullLufc £)1 

SjjJu ^J .JT) ojLU J* -v. jjj-Ia ^jX 4..x5v-ul5v j a 4_3LL ^Jl 1 $K 4__Jol JlJI 4—3liaJl c Jj^-Okj (J.i or.. 3 wil,t 
.xjLJI IjLA /_ r £ 4^ojJ l-L-u La jXj i CjWI CjJL rtJ Ls^ 4 j$L_aLtj J^«aj>3 

L-t , t )i 3i3 ^33,^1 />L<a-> CjI -ul-^.-aJl (j\a V 4j i Vl ‘jJjVI (jj—»L-3-H 4_j_<iX$ ^X^Jt ^Ix^ 

# 

Jj-ou CjLlLcx fjyji iU3 4 J a JJx dJl 4 . Lul 31“ ^-33 (j ! oL-lLj-jlIIj SpOfltBnCOUS 

jJI 4 jjIj->J 1 LSL^aLbjJJ (jyjLLJi (j^jLnJI .4.3t,xaLa.n ^^3 L_uL3Jj ^3j jjI l.g 4_£LLxIi (JLa3oij 4-31L11 
^3it CjLlLqjlII ^jJts Loj ^33 (j\ \ £ i*\ 4 1 o L U j JI “-ilL Lq 3JLrx:.i <-« c-iLjJl ijLA ^3 43-^lj Ju ^ |3iuj 
oL>«jt ^^3 tU3 4 ^33 ^jt (jy^it CaLoLajii! ajJ 4iiLa^l (_^-L \ a j 4_^ .4_dt_j_jiaJi ^3 ^33 

* 

4_Li.<-u1^j L<ul^ 43t_LaJl 33r? ^JLuajl 3 j1^j>JI 4j>.jJ ^3 3/^-L3t-4 JUX • 

. ^.ufLt 11 djjkj3t_» ^){ ^-t.u.'>L 1 1 1 

( _ylx l_33j3u (j! (J_l3 CjIj- 4 4. »_>jnJ -U^3j jLu 1.^ il_3 V! ^Ix Cu 3Jl !3] daLLxll ^a 4-X.jL- aU S^SJi • 
. L^OXU jljUjVtj ^LJi -_y3 1 Jlo 3 ^jt -jSLciV (3^ 4J$L-uJI 

(j! . 3 LL 3 JI (j CjLoj-^-i 4->ajL-a3 L-x-t-toU 3^313 JUu cJi3^3j <_jJljJl3.U ® 

3J- ^3Ji ^jl 3-LL-3JI j_y3j ^^,3 4^ i i > .| J 4_3l_L> ^yil ^ -33 4-_jSL-jlSLJLi 4_3LLxl! 

. 4jJ Jo- 43 LLJJ 

^_y3 LLULi cjJl>j jjLIa; c. I ^\ Irreversible 4 ^^c. j~^~ djLdx-x ^x3 o Ll <t« JI <?jx ^-a <a>- 

jJj ♦ 4xjla.ll L^3 Sj-o Q.t&c ^.Uoi iJ7 3 ^voj ^j! L^3 £Lu 4-u«^Sx ^_iX 4_3LaX ^f Jo.^3^3 ^-Ll36 JloIj ^jLvjI 
4_lo-^Jj3SLJI J 1^}II 4. ^ yj Cy°J 4jji^—>Ji lSL_^aLjjJi £-4 L^jL- 3 tiJJ3 i~lxi-xJ$ 

. 3j4-jjl^oJi CjWI 3<al_3^ 4_3ji^oJ! I^-uqLj JlU ^lili jjjjLoil <U La ^j_Al JjlI 4-u^j 

3^-3yl ^yl! 4_jl>. 1 jJ 1 4_3LLail 3^ 4—3-io-j L~ < <i.~) 4Jl ^Lj (jjjL3ii \ Jl.,^] 1 £i, jiL 3 

.4jU,I 4jLi J-t-aJ 3^.13^ Cj! 3 4j| ^Lu ^j£-^-aV 4 jI ^( • 4jjjJ oL-LLx {J ^ 43UaJi l^o-I 


LSLy»Lo jlII GVVt 

HEAT ENGINS AND THE SECOND LAW OF THERMODYNAMICS 

Ju <t i.tt ^yix t 4-j£LHSL^a ^L3lL ^yjl 4 JLljdl 4-3 LLl]! J^_oL 4jj ^ Heat engine 4 jj 1jx>Ji 4 JVI 

4-li»-LaJI CjI jliilj 0^3^11 £j-J aLj,11 JljJ^j 4k^a JLil IB»8 

/ 

CjLxj^III i Jut. 4jOjj <iU,l ^3 rx 3 < <i3 dUIi ^yC. 4_>ol3]i 


(tkT) 



AjjI yd t ISLuUjoU - ^t^luVVl 



,jyA 1 4 ~i silo ( _ ;r jx- jlL^2!i 1 J. 4 i 4 _Sj_j>ij. 1 4jjLpc_i]t 4jVl (1.19) 

^jJ! jlie-J 4-lj_>«-ij *LM y i~> o ^JLseJL-uJ 3jJ^U.1 ^JalLaJlj ^*uaJ! 3> =,, * 

^J■ j c- 'i - m - i Jw>Ji 4 _£^_j>J.I CjVVI .jLLaJiU 4_S^_>Ul 4JVI 3 jIjLj 
djjijjv Cj^/f L <tJb 4_iuJLj>Jlj 4^_iJ_iil ^jLlJVlj .ya Vju J^-ijJi 



(1907- 1824) ^j-i-LS jsjjJ 

pbjoi ijj ■■« 

jJ 3 OL_j—cbUj^ 

ftl /^a .C-lxx;L-3J_5 

ol_j-! j) ll~> U _ j_ 1X\ 

^jkJI (^2 1^ _i-2—a) _ j>J 1 

. 4 J l_4J^j£j 4-4 _ajjI 


. i lISLt-a 43 Uo ^yji l^-La U^->- JjSjll j! {_y4 4jalIaJi 


^IjLgJ l^1_u2l 1! 4_iSv-pl5Lj.il 4_sLL^JIj 0-5^ Te-i u3 

Jai^_ T t->>LM <Jl —4Jl . f.lij, £\ I1 jJj_^a Sjljj 

jJ-S-lL f.1 jl l£y£ ^J1 C^- 4^Lkil ^JL^tlLoiJ cZjljljiiuJ 1 < _ r a 

. 3jLj^ull 4^j>->- 4_ic. ^-Iuj 

Working substance ail» ,» 3 jL* 4jj!j_^>JI 4 JVI 

4 JL*—jJi 3 jU,! ^w^Ti-c-j (1) 4_u^l C_sl .lU.«J 1 ^<u3 4jj^aJi 4 _i_Lquu 

• ^ 4j^/1 ^JjUU (2) 4JUUJ-C 4jJiJ_>- 4^VjJl 4*LLaJJ /j>-4 43l_L> 

4 i^arr: \a 4jjl^_>- 4 jvjJ 4 J 3 I Lall fQ^Tn.u>3 ^Jj 4 j3[_1d 4JV! Jj-La3 (3) 



(1.19) (3^-Uj 4jj,L^_j 4j1 4_3j^_Ld J—>- ULi-u Jllil ^J-L.i-f-u 

4_^Uo ^ o -x4J (^J1 . till 4jl ji.-i alJ i o^LXl 4j^f 1 

(J J-U dll j J-JtJ (jr^j (iv 3 


4J>U ^ _»(2.19) JS^l 

[^ya 4_^LL> ^xL*_j 4j*^i .4 _jjI^_-^!I 

Q c ■• •> 

. ]V ^L-«_ lu jJ_4_juj JjLxIt 






tSLui- JjVujaJQ 


&j-a t rt7\~i!i jjf£i £i5LiIi elii Jt^JU o jLitjJi Jj-jJ (jt Juu .(PlStOn) 

* 5 JJ^ JJ^3 

^_P_uJlt ^5 (9^ 4^Lioji £yA 4-j aS 4_lVi <j^~ 4 > (2.19) il 1 —4 - f> 4-Jjlj->Jl 4iVl (J L ~i 4 1 (jSL-SJJ 
Sjjju 0_al-3 4 _!Ljl2uJI 2j>LU jjj Ca> . _}jL (iI. (9^ <*LLaJ 1 4_ui^ J^Joj /4J W ^Li_cu <_] JlL 

JjVI Q^jLaJl ^ oM A E int = 0 (<u (j->aj (VGjjLcuT<-c 4_LjL^_Lli^ 4_ul jJL)Vi 4_i>.ljdi 1 ^."< 4lla 

^^Jsl—ua \S3^~‘* m 2. W 4jjIj—>J i 4_JVt <Ir> 1 (Jji _cuii A E-^~ Q — W 4jjl^_^>JI LSLt_flLL>jJJ 

(2 ne t _)1*^3L«(2. 19) j_J^_4-u ^yC {Jj3 . yAiSS Lux> 4 jl.'V.I Jill 4^lloJl ^^3 ^)1 ClxX>- <2 net ^ 

(2 net” 2h~ 2 C ) lSJ^ 


w =<2 h -«2 C 


(1-19) 


(OJ Cy>3 


O V Vi 4 j>JL*_a ^ j7 _3 4 *_lLU JuJllLll! ^_)L-uJ (jjQ 1 iLJI 1 JlA j '_yS 4^3_iL_SJ! Cjl_3^Lj»Jij 4-3^L-*JI (_y^J 

<^-3 . 4 JVI LaJlAAJ 4-3 LL> Jixu Q c <ji -j-a tjjLc- 4, i yA ol Q\\> Qq Cr* J .‘ 11111 

4 J 3 L*—a ^^^3 La^ SjL-AVl 4 _JLi_o 4JVI L^_>.^at3 (jr^i 423 Hail <jl ^-lTl.*-? t_3j_*_u 4 _jjI^_>J I oVV—J 1 't~i .1 «lj3 

ijr ^> L^j! *LjI^-> 3i 4J V! 4JU ^3 4-o.jL>Ji 4_^LLiJ4l>.l jJi 4.313x11 L*5T (1.19) 

4_4jj2x-! 4^lloJl JLfllui (jf VI .SjLdi ^yS 

^ySi l_4^ PV JIUI ill 4_o- Lx nil ^_A 4 j 1 4 r (JjJLxIi .uui.ll (Jr ^Lco 

.(3.19) ^JSLtlu ijr ^ 4 jjLuj>.VI 4jj^ jJI 4_tLjJLji 

3j^4 JMJw 4JVI 4.1x11 u\yj ^jJUlII j; ^s'L-us 1 L<-uxll L^jI ^4iVI 

SjijjJl (JV^- (^>^-1 am H 1 1 a,t i 4 txSUA 11 4bI l^ajt tJT^l 

e = K = QlZQ =1 _& (2.19) 

Q ” Qh Qh 

| I Jj« jj|) 4 JL lr jj MO —5Cj 1 4 (>u 4_j _^S«:L^UI L^uj 

V Arw-H' / ' 

1 . (4, * Jslj —a 4_>.j3 jJx. 4-La Vt 11 4_sLLJt) 4_ tla-t‘)l— 4 ^ (^y^LuL^LXI 

J 4 ^n~x.ll 4^lla3l Ij-a ^ J>LtILc^j 4jjI^_j>JI CjVVI ^_p4J>. A)1 JL>o 11 J.I 4 C. 

^ 100% (yA L^j^La^ Ur**J j A cJ- 5 ^ (_r^ 3a4-3 

PV w I ^ ^ (3 19 ) J c ,7 , 5jLjJ_>J| 4jl J. < ull ull^t-4 Lai .40%, 35% J^jjJI C-iVTj 

.4jj1 j ~ -v .1 4_j u ti t^jaLc^ 4 JVI ijl g^-£L iU (2.19) 4 J 3 LL 4 {yA .20% 4j»1 4^4 

Ji^ 1 JiiLV 431 o» Q c = 0 jljJU uL^ ii| 3^ (e =1) 100% 0^3 

Jib «_^L_~J.I biL_^ _ tlilJ( o(i - 4 ^(^ Jl 4JV1 0 | . jjLJl ^y^A\ 'Jl 41U, 

( j>lt . U f j, tJt < t i / 

. ^3-ul^g^o (J3 j (^3 4 i 4 1 1 4jj!j^>J! 4^LLoJI ^JjLLuiJ 


Area*' H' 


ISLwUjjUJ - itUji^t^iuVVl i 



q <iK £-co>j 100% jj^a ^_lTi. < \-,‘ (J^l 4 j ^ j, 7i ->J I CiWl 3c. La^ ^1 C>^H cV^ 4-iLa. *JI ^jL^>J! ^jjuV-lm] {j ^Lc. 

•.^LlJI ^t_lll j^y-Lc. 4 jj!j_>JI l^Luoi] ^liJl ^j-iLSJJ La^Lai a llL'M. i 



^1 OJlj>oVj 5jj.) Jaju 4jjI^»j>. 4_lT *Lu (J_j 


d\ 


b* 


~ t tn a Qjs 4_aLL> o^slIaj 1_£j! j I c j_uG 

* * 

. L$I L^ L -U J O t.Ltt 


cUiii 4_jl j^-isu 4_jj|i^__>JI LLl-^oLLj jJJ ^Ulil Q^jLSI! Ijuii^ 

jljJLl LjjL_ii_^ W jl jJLa (j^Sa (j! i.AtXl {jji 4jjIj^>J 1 4JV1 ^_j-*4_k 

4—alLaJi lj-L-3 -\ ci ,A 1 (jI {j-A -J—jV 4J^l (2)1 (j£i C> h 



4jLt^wLmXt <UVt 


4 JV ^^*-^32 (4.19) JSL^ 

(2V* <2^ 4-^LLj (V^U-1 4_JJ!ji->- 

Ui ISLa >Lul J . 11 >3 ( 3 ^ £J 3 “ * ‘t a 

Jt (Ji-«U 4 J! *tii jVq . 

.ScLiSJI 


4JSLqJLI 3 j r 4 jjIj_>J 1 4_I^U ( jr ^t_j_ (4.19) JLi^ 4^41 

ISLjjqLujJJ (j^jLUl (_ya4l_u V 

( *X 4jj 1 j_>JI Kj /qLujJJ cr i\^J\j JjVl (j^jUl (js^j V 1 " 

:<v 


4_3LLs (^Ic. 3 ! La I (Jj^l ( 3 ^jL_SJI 3^14 

. 1 4 l^jauaj ^ylll 4 J 3 LLJI fj£, J-J 3 J 4 jjjj 4 jl^f. ^jjh i 

/^-^L-uJ! jJu^a_M Syz 42LL, Jj>- ! (V° wLiV 4j i ^in (.yaJj (^Lil (j^-iL 2 J 1 9 

* 4.jlg« 11 (3^° <J-*-di (J^-lL (jr^- (2V 3 *^-3^1 L 4-4 33 S I 


1.19 Jlla 

1500J j^A. ij o t-uJl 3 _r< t-u-11 ^ 4—sLLiJl (2V 3 2000 J ^yua ^ajl^-jv 4 J 1 A £ 

. ^J>3-LLU.l 1 


e = 1 - 


a 

Qh 


1 500 J 

2 000 J 


4 J 4 UI ^JUelL 1 U 4j I 3f.La^ «_jLciohJ 

0.25, or 25% 


Refrigerators and Heat Pumps oL>-^Uil 

i-33_uij . 33 ^ (_vJl CjWI (j.t,i^ c (J-40U 4jj13__>- CjVI <Jal V <>> 0 ^ CjLo>. 5 L-jJ 1 

L^jLlILL_u Lat V] . 4 jj 13_>J1 IfLyaLajJJ (^_jLoJ 1 ^J^Lili 3 —>-I 3 -aJ £-^3 (J^l (2V 3 jl ^,r<-^-L> LlA L-^J^Llu 
3 -Tt_t aX 1 ( 2 V 3 l2 c 4 _£LLi 4JV1 (j^^Lcj ol—^- A^aJll 3 ! CjL>-^L!ij| (^^3.5.19 ^ i u a 11 (Jj_axa-I<JL j 

. 4 JVI (^y-Lc (J a .<_ » (J5_) (2v 5 uiLLi (^£11^ .(5.19) (_j5 L t,u (23>*L*-uJl u_». U Q ^ 4_3LL^ a I? * 2.13 -^LjJ l 





( j£c2 I lSLy» U j-Jlj ISLjjlSLdl - 


SJ? 







•^1 


tjr lc W 

4jij3jG ljf 3 Ju*..!. .M 

J *—‘“ -*i>—: i* i 1 

. d j* ij l n 


. 4.1 lX~l U A kA-J^-oJ xLI ? 

43U> m. a Juj^aS 3JV 

L 4 J 4x3lixi <CibLL ^L*3j JjL £OjIL«jlA C c 

. W = 0 Jid J jj 


^ JfLi (6.19) JSL2, 


1 

JSLi (5.19) JS« LJ 

/yi Q c 4xUo 0 vaLLu 4JV 

<lh 

1 

0 

Qfj 43 ! ^> ^ybjLj^ J ;L xxU 


*1 



Ju^_xJ 4 J 1 


tj^jl.4 au juV ■".<<<■ 4 li BlLuJLI 4 aI UU ^1 ^Jjlj 4jji^>J! 1 Ki .AaLbjdJ J^Vi <jj_ji_3JI Cy 1 ^ 

4_jj 1^j>J 1 <La--<Ja.M jl <L>-^LiJ{ <j3j . .ijLJ! j)~i« nil 4 juou o jl 43lloJlj JjJuxll JiCuit ^a-3c a 

{_y& j! 4_djjJJ Jil JU CjLj-Jl>JLI ^j_X3 JL<lt J-X.UX.U ^ XAt->. jj-4 3j J->J1 J2I1 

*I^_^J1 j! ^j.iaH Jib u. > J- ^X 1 £jL>. » l a -d J t JjUi 

•(c^ 

dlij <j! bjj JjJl jlM ,\a j X3 JflU <La2-4-*jl cillj ^Luj LjIa- c. 4_l3 

£-0 ^A3Llij 4JV1 tfjufc J!la <LuLj 3^a . (6 .1 9) JSLl> US JxJofll LU j qj*um JjuIj fj£ 1 J Aa (jjj < Ll La » J1 

• ISUalJjjdJ (jjjLail 


<LaUo JJUj ( _ y ^ J_ajl 3 4JI *Lij Jj .-*-.~i <ajl ,\ji : 3 -Aj ClaUSIUS^ ^ 1 <* 

J jU (3i>^ 03^ Cy* 0 ^-' <Ljji^_Dw. (jyJ] ^-*-a_>- 4-4^JuLm A 4,..AisAi 


^4_x-u->- Jljil |Cau> (1)^° ixltilL Cjl_x_a-U^ 4_diiaJl ;ln t ».t f 4-AJ^. IrTl . 4j^?i (jT^* J*-*" 0 


^.iJa j ^I^Ji CjIa-iSLaj . ^ 4jjI^>J! CjLi-Lall ^1 JLa-JLi»L a LdJju^ *^^-^- } O^ -3 

<?L>oVl SJsliaJi JLajuIj . J^Ji! /j-aljlli cl^Ji S _ ;r -J] J^JJLi Jib 4 JjLj Qj '*'. {jj* 

u }J . 4_ui_i4_^LL JSLiIi ( _ r ic. <■ Aj^oJI jl ^ -v ^Jl 43Ho jLi^j Ly l\ 
<La_uLovll ^,3 La^JSJ . Lc-^jL^-auj ^Jo-u^-xs ^^ r <Lbj J_^^ JLS i 1 £Lj_aLujJlI ^yjlliJl L 3. ll 

^-La^-UO J..XX- jJvVl ^^llil X -1 u*au. u-6 X_Xt_i^O ^ J-xO-U I JwX ! jj! Cx.il lliLs ^^yO-i^xll (^y 5 

. LuojI 


Rudolf Clausius (1822-1888) (1) 



( to ) 


iUjIjjtJ I ISLuUjjU ty\ji I I - ibjljjtll uVVl i jmC j«Ql Jiaill 



ljI j 1uM)SJd t (ZtLxUjJI 



REVERSIBLE AND IRREVERSIBLE PROCESSES 





tLui£, 


Z 



• •• •'. .'Z v 0 -A.J ' 



U (7.19) J_£_£ 

jUJ J-3- LyjLujt 


CiV-nS CjI j L^jI ^I 4jjJo_j 4j^!^_>. 4-JT ^jjuj Jb eJ*j_<_u (^JLill ^ m flll {J ^3 

* 

4__tLvX. ^ !>->a -»- a *u At I 11 jX <-j£. jJLt-uJ . (j£_«_)L>3 ^ir. 1 

4 oU til ^ .Irreversible 4 Reversible 4_^Xr. 

4_u1jlIL)VI 4_ZJL>- t _ r Jl o' (jSLcJ 4 _j_L^ju jJI ^LtaJJl 

jl^ui.1 1 joA (^^lc 4 U A.) (J£j PV ^L-JI £jr ljt_iJLI (jAjJt! jL^uJU > 3 j^X> 

. <^ujt£*C- y-±£- 4 l\aC. Xdj-XJI I Ju4> (jJiaoV A A <j C ^Ij 4(ji j3l 4JX>* (JLcj 


(j-aj . 4_i_u^£Lc. Co U 1 a f- 4_*_uiaJi ^3 CjJo«u oLaLcjlH 

4 t\ a til ^ $ a A -£- .L (Jl.“t .4 *S SjL>.i^ jlr<-Tf-l 0-3^ i a pi jl a *11 tZlio 

. 4_i_u^£L*J 1 y if y 


17.6 ^3 4jgj)ljJ (Jyi—Ljj ^Ui ^LiJ ^_>*JI JJl-<4_jJI 4JL>« 1 ^ i <i^J lZlai (^xli 4JL>«Ji 

# s 

(J^zl (j-cj-a L a 5> bjb-^ Jjj_*_a *Lc.j jLiJI * L (Jj£j (jl 4 jI 1 (ji-J-i l3j-l^j 
ijy 3 <Uj-X-3 jLiJ! JJ-a-Tij »L< a ill ^Lv4 JuZ. . al j-4-li (j-a A^Lj_o_a 4_Xlo-La (j£- jLiJI (J < r\ ns f.\ A til .(7.19) 

;Xi^-ujJl (J ^3 La 4-3L.ua J^L>. o jjJj jliJi q\ C-tj. 3 . 0 . JJLooji XjjJux Jou j^t 

jt 4 bLLs J d~<n ciJUli 4_3LtioVLi . JJ^-TiJl ^Lut ^Liulo JuiJ j^-2 tdn i ~>Xt 

JuS 4 _ojLj_jJ)'^1 4_lLj_»J t ^Ju4> ,Xaa_>Jl a ^Lc^Jl 4 \n t jL-Xll {j-* 

. daoj^il ^In i x/jiI ^3 ^-aJfcJ I Cj Jl£&j (jl ^jjjs ^IXilll ^3 ^_Jt3 CjJu^ 

4_ut JUjV 1 4_3jIjj>. 4_>.jJij ^IjZu^l 4^j3t^v ^1 jLiJi J(jl 4-<-?eJ 4 -j_u^SXl 4_tLa_*Jl ^)Juk ,j^Xj 

* J ^\ jLtl) < U * A^i 4ui^-tj \ ja^i ) ^j( (JjV 3 .iL_pJLI ^3 J-±*l OjJl_>. 

.(Jx.1 jJI ^j] ^uoSJ.1 a-* 3-^ ^jXcZZ-ajj ^.lc.^Ji 3^ Piston czj_u izUi 3 X ^ 2J 

f 

. ^LLaXll (jy-tc J^Lc. 4Xij_ul^-b-L^L-t-u ^L-«_Jo aXi i >J.l Xa^u^Jl ^-l.«-T<-i.< » 4 4 A1 11 3^Lov 

4_>.jj (JlJL) ^jl L UtSLc-i .jLiJI Bjjlj^ov. 4-o>.jj jJ^LH «^11 (j V ^LLxlIi dXLi ^Jl 4^1 _ j uo'^Li 

. 4_ij1 J_ojVI 4jUL>. (^1 j*UaUt , A tj dJU j (jl (jjo (^ylc. . 4^tkU (_y->.jL>- <"<i^a ^^uja^L} 4 Jju?£J jLlJI 

(Jlij J^L_i_lu_ui (j^-<ii,l (j-fl (jL^jJ .jLiJi (j^a 4i C^a—i-u^l J_£ 4_5lX> (j^/ .^3G JUS <Xlj_on-U > X i 1 3^ 
Xa-4-ojJl 4iZUXI 4£l_LJ! ^3\-uo AjfCj.-i.- jf jdz ijLiJ! ^XjiaIs LkLuajXtIu_uj (_yO^^ 4J^i 43LLJI 

(jl L u£-4Jj .(^jVi \ a£ i. 1 L>- (_^il i.I^x>utl jalX Hi S^Ll.1 4_flJ^-LaJI (^jLiaU Ja_o>vti 

(^yic. (_^aJu 4 jj(^_j>JI IS^LuoU (^liil (j^oLiU (j-Al^ • 4-4-ti^‘Cr. 1^,1 (jyiz 4 >xL^*JI ui^ou 

4 J 3 LU (_yJJ L^Lj_>o (j^Cf ^ (jyij^/i L^lllov ^J1 4 jjI^j>- 4_3vjJ ( JJ XJ jLiJi jy3 3j^a.Ll,l 4_^LLJI (j) 
. 4_i_u^Xz. 4_tL^_*J| (jl ^ 1 A~ > tiJJj (j^o . ^y‘i‘^ U 4 X 4 ^l^j jUJ! tXi t 3j*Xi-a (ji-tlL (JSLoj 4-iSLl)ISLl>i 





ISL^UjoII^ ISLuiSLdt - f bb^ti 



iLaLL> ^Uii4 

i£>b->- cr^- jbc (8.19) J5LG 

t-b-i_ciaJi jtajj 4_3LLJJ 


J*>3i t>* ^l~^ J ^ J —*“» 

4JUJS £J—<k JoLt-uajVi . | jju^J11 (3^^ 

■■^3^3 i^GPl*** 


4^u j £b ^_jlc, 4_xl^c. (ji c<_uj (ji i^iJj^ Lt-I^Lcj 

y i Gi j ^ jj! 4 _^^SLaJ! 4_JLj_*JI t_j2j^_5LJ i j r A ^jj.xTi li I <0 

.jj\jjj\ oVU 

J3b*» U^ut-GaJi 4la^fcJLa oi^_uu Cii>j .} JwGii <:Lol ^LIL<jj9 

4i£ ^ 1 la.llj ^3 -b« 1^.11 1 _Ll>- 3 _} 4^_l3 fu (j_aj. jLiJi 

^3 , 4_bl ^.l.)i j ^L_ol JwJuVi {j-GJl—>JI (j \j oLLx^JJ! /yQ 4. in >J ^ i 
. P V ^yJcG ^Jlc. jLuuU 4_Gbu Js^l 4 -xLul!1 JjJLcj 4 a _i3_->J I 

4_U_>JI jn_u Jl_3 j> _>Ji _i_j_lVi 4 Jl_^_jJI 4 j b C ^3 PV 

(jGla_uj_-a ^ * $ d Vi (j’Gibui '& 4_j_ji_^iii 4_ll_a>J J 4—ut JlTuVI 

4_uijLlLiVl <jGjl—>JI jn_) 4__ilj—Ji oVi_>JI (j] jji .jl uu_cj 

. 4^0^.^ c. j-lC. 4_ib-*Jl3 j3i jjijji oVL>. LlcoJ 4 ^u1^J31^ 


j. .t-T, j^jjbo LJLc 4_j_^3_l3_>J 1 cjLJUaJ! J£ <ji /wq ^c^Ji ^-ic. 

# # 

Lbb (Jin ^UnGil (ji cLiu-^tj jujui J_b^j 4,3 <3 4 u 1 4 c o^u bi< b_u^b. j^fb L#g>j o* Vj «4_t_u^Sb. 

f 

, 4~lmj^Lc. Lu^-oj 4_J^jtJi nl JLic. *{jl3"^ 4Jbw ^3 (jl£^J Lb 


^Jul J>ijJI ,\a uLu> JL)jb« JJLx-u jib JL3 Lui JjJtjj Lic.3 JUill Jxj_^ (JLc. 

Ji _uaj 1 ^3 jl_xJi 4_J1— Jj-* i 4_i.l>4_itl i J* (8. IP) J£Lii (j^ i-«^ 5> tjJiSlLjvVl 

43ji^_>. 4 j>.j4 J1x3 Cajj^j j-3_/-ull (^Jj jLjlJI jj_a 43llaji /ya !jjJ^3 1 4-3LLxU 

4, .Axj..£L. Jjl_>. ^-a-5 Cib jLxi! 3j!^-j>Ji 4_>.jJ^a Jo-bGaJi 4Jl_>JI ^>Ju5j i _ ;r 3 .4_3_)ij 

Lr^l &J-A J^ ‘0^^ ^Jb>- /^4) 4.^b all pLul 4iL>- J^ jjj .dalt i'*\ ^i 

j? ? 

(^Ji l J-'Sj J $3 .GUj^ A 3 JLajt Gail -iiojj l .aL o M-fb jLiJi 3 J.3 (j.*j I 

J ^-2 (j-o J-La-u J_^jJi CL}\.i.j>- 4Jijj 4-ol^jJ! (j-aSLx. 11^-4-JJ 3 OjJL_>. (jijji 4JL>» ^Ji ^Ua-ill jGo 

(uiJlibwVi CjLoi^jJl JlLaj 3 Jl_u J^al^JtJ 4jj_lLa L^j! 4^^fC*3i 4.ib-tji jpaj 

LfiljJj . i—abu L^.lHjj ^jSLoj^f Cjijs—uGaJi ♦ 4. jb.b 4—3LLa ^i 4.,L < Ca-}i5v jll 4_sllaJi J^_>o 

. 4^jj^Sb ^.ir. CjbbiT. ^.iS) (j^SLII ^3 oLtbjtli j3^3 jjf ^^Ju-L^ixu 


The CARNOT ENGINE jjj\ _S2_lT ^319 

£ju 3 ^j Ssdi Carnot ^jjL^ ^L 3 1824 


^Jjb (j^-J JbJ . 4 .j. b < \ J 4^_4l*li jnlLjJw LxJ i (j-a 4 —«^. l 3 uij Ur^3 ^1 i (jVi (_ ;r 4-i-ii3 4j^_bj jq 

4Jt (j-^lJi j)"} i.u A iyu yjj lb 3 jj3 ^ 4 i a J 4_JLb3 4_^jj^b. 3 jj3 J^ju (^aJt 4jjlj-j>Ji 4JVI j i 




f iSLuL u Ji ) \j ^j>uVt - I uYVt tjlc. 


Czzz) 



(j^Jo-4. ^JLoi .^JjL-S igsLuu 
42sV-C- Jov^t y* Jjl q[£ er ^j_5 
^Lc: . 3jf^_>Jij ^JjUuJi iyu 4j.q^ 

. j—j 4Jb^— c. j — lZj.,5 1842 

"Reflection on The Motive 
jIj! J_4_-*ll i jui>j Power of Heat” 
4.0—>-^i^_t5>LiJ 1 4 _l.<>.A Vl ^yJ| oLoJaVI 

CaY>U 4 , i lt \ , 

j—i.~L.t i .4j^Lit_u! 4_jj!^_j>J! 

-dL-Lj j Jl ^JlC <jr ^i j -<_uj-<3 


^yi-C-Vl JL_>Jl 4_aILaJU 4-! VI tjjSLo Los ^y—Lc. 1 L_$a*.La '. 

_l_U _ i_4i_Il ..-u*> ^)1 i -"*- V1 d)VV! £_j a . ->sJ 0^1 aS>-U 

yjz y\^jz j Jo9 j-y\ ^-Jjt-£ SjjJa C^ai-3 4 JI * /<; SjsLa 4lr><»l<fri 
oUl cfllj 4 Txj-o !y 3 jl &Hi u.U a^LLxll y& 4_L-*-« <Lp^J ^JjLSXI 

'.^VIS^ lg.u^j 4ajkl^Jj .4 jl23j_L1 4jv.jJ JlIc. 4J11,«.nH 

i ^3$-L 2f> 4_^Haii a J-<J-*3 4jj!jow 4jj Jo>-^jV 

(J/U^^^-ILuuJ.i (jan3..i (J^Z (J <3 ■»! 4Jl Of 1 . Cl *C ^J_a 


y!uj\j—>- (JjGJ! Lie..} 4-jjJaJjl i)JL4i <Loc-.ia ^Lsljj {jr £Li 

3_>jl—£ 4Ji l—«a-4>j—>■! —>J! yuLiy 3 <<-. U (jiuii (j-u _< 


^3i^Vi <UVl ^ Jo *-~u nh it . ^a5>t C (j£jJ>.Vij ^q LgJftaSLj 

jjt ^1 . 4jjIjo>. 4^e,xia -gX y\ 4Jl£ aJt SjtaV ^Us 

^yic (JJljj jj» pg< 4^ (J-iJU-uJ 4_IVI (3^*41 

4Jlj 4 jjIj_>JI 4JVI y~A 4j 3^-11 4-C.^c. sx. a!1 4_j_uu_l11j Jlj^_u 4ii 


4J Vi y \ LLudjJLs! v-LS La] »-~<j >»J . Jaa->2.l i ^ (J-i-jJI ^il (J jl_u OJa^aV Ja^_j_l!l 


£OjJLu_LU ^y5 4_^lkj| JLaJlji 4-C.^ ~>JLi aJuli 4l zz_jz y^!\j..i u . ^jjL^ Ja^_a 4j| ^>0 L*S 4jjlj^_>Ji 


^aLjJl tjjaL-ai] j_>^ L L.aa Io q .4x.^_x^j>u.1 ^yi£- jJjt—tL (Jja (_y>- L cu- l I £0_£a_tjJU ^yi| 

^yioL^- ^j^oljXsl LLus^-ILsI o' y$u*j\ j-^£- y* 4ajl^_>Jl IS-aoLijjJJ 

(J23 4 jjojl 2->Jl 4-lVl Of. 1 . 4_i_u^£l£. J^-L J-q_juV L$jV 4J I Of\-a£ 4j_aai>Ji CjVVI 


.jTxus^lJL 4-3LLJI jjijL^j adl^Vi ^Jj-o 4al^»J 1 L— lC. L^lI 1 1-ixt.uJ LiiijS 


jLL ur jt> 4jUuA!i 3^U1 y\ y^>j-ai+u (T^, T c ) oj\ j_jv yu ^13 ^pJl yj\-£ <■ \ 

iy iu&X jj 4 al^iai uVl * t ^ j~f)L^J Jl>. f (_ 5 ^ cfJ jS*-la Oj-Lo 4 ai^icu_ul (J^i-i 3y>-ya ^JLLo 

PV Lr^^J ( 9 . 19 ) jJSLIj ( jr B . jLj!^ yyli^oya 

. 4 _tj (V^h^ ^iLuLujI {jr^ 3 jj 2 ySZOiZ ( 10 . 19 ) ^JSL ^ lu 


jLuajj yz 3jij->. 4avjj J u£. 4-l L ^X. (9.19a) A ^B 4ai_4-*ii —1 

^Ts j-Tn.u.1,1 t j-a 4^U^ jUji JJu^ail ^UjI Tj^ 3ji^j>. 4_>.j^ JlLc 4^1 loll £js 

. ^U- d l I W Jg V-».i-faT ^ jj) < u V1 

jL-iJi .o"j ^3 3 j1j_2cJl! (JjLc 4a'^L j3 j 3 «iij (9.19b) 13 ^ C 4_aLs_*Jl —2 

r h ya 3jlja>Li 4 j^»j^ a jLiJ! JJaa <:Laf .^UkJji y*z ^JtaVj J-LjuV 4^i_LxIi y\ LaLaj! 

w g£ yju^ jUji J- 4 - 3 U 3 T c ^yij 




ISL^UjoJIj ISLulSLJI - JjVtfrJjtli) 




(jw) 


I ISUtbdll gyjUJt yjjljJlj yjci^uVi - f uWl >>uc juiCIt Juaif I 

P 



yjlS SjjjJ PV JSLA : ( 10 . 19 ) <J££ 

-tO Qj t C tl J t t t t » ■ " i ' ' ^yjsl to 

5jjJ ^-5 ^Llaoj! 1 gh d" ..1 ( _ 7 ail d aIUU 

A£ inl =0 O i J^V.e h -0 c 3j^l3 


<J1—ua3l jl—*J1 (9.19c) ^J£LiL C >D 4 -iLa-«J 1 {Jr 3 * 

«-LaJt tsti 7 " c 3 jij_>- 4 _ 3 -j J jlLc. ^3 1 t „ a 

JuILflJ Ojl\ oJ uk T c 4__>.j«i JuL C. LJ \ 

>j-u-l^LU (JjJ-*X1 ^^ 3 _i_ 4 -uXI Q ^ 4 ^UcJ! I3JJ3 

• ^CD 

^L5 Jj^Loto(9.19d) JSLi D—ASj-x^Vl ^ I 

£-iijjJL 3 . LuLjjf jLiJ! uLaJu-bj^ Sjlj-sdl J3I-C. 3-iuLj 331 
<tla-i^il34 jLiJ! ^.Lt- Jjjudi ^JJl_l*lJI3 TYi <>313-3* 4 _ 3 * 3 j 


. 4Lol£ 3^jjJ 4 _hjJJLj 


• ^DA >* 


AJ3CDA J^ IU I 3 I t ti l l {_)->.! _5 4_j>. L^J < 1 4_i_u3^L*Ji 333jJi 0 JlA 1 41 r 4 

4_L^L-St--<a ^3 rt </> 4 J^IjlJI 4_sLLx11 ^^3 3 j •■‘ill O-t •>- (1.19) ^c.< *i 3 Liu La£ .(10.19) jJSLt!.* 

^ Lt>j> 3 4J^U 4_jji3_>Jt 3»Ld£Jt * Qfo~ Qq ^Uoiil 4j3_3ill 4-3LLJ1 ^£ 3 ! < «j 3 JL^Ij 3 j 33 t _ ? 3 W ^j« rJ\ 

:4_taUll 1 

c w Q h -Qc ] Qc 

Qh 

(_y£ o' OSPi (2-19) Jlla 

( 3 . 19 ) 

: ( _ ;r 4 ^JjK 4 JV 4_jjljd>Jl ULKJI jjjl 

( 4 . 19 ) 

. jy. t KH LgJ 3jljo*J! (jou (j 1 J 3°^ Cj^?I O' O 1 ^ eJJbj 

• Q\£..^~i.tii d (j\j cr^ ■* J ~ l 3jLd L^al Jti»- ~i Mil (jSou (4.19) 3JjLtx_j 

Ct lAtIT jlj T h CdJLfljjl UK 3^.LflSJi J 3333 .T c - T h Q-?rXU 3 i 13J 3 ^ SdlKJI ^ULfl3 <? ju^i 1 3>u 

ljL4> J1UI 3-3-uail Tc 3313 -^JI 4_j>* 33 u-fa4.fl.ajl I 3 ] ^juau-us J^>.i 3 3»L^fui! £_j! Vj • 1 ^ 

t # 

^ 3 >i T c (33^3 ^ 13 ^.^?! ^ In t <0 . 100% ^ 3^8 J 3 I (33^3 Lulj 3g.l3^11 dUjJ j^IILq 3^1 9j± 3 H<a 11 

.T h 3^3 j>J1 43 - 3 J La 31^ CiVjl^JU (Jjuiia udJjJ3.300 K ^ 13 ^. ^^^3 4 ^ 3 -iJi 3313 ^*. 4 ^. 3 ^ 


Qh Qh 

a = z; 
a *; 




LSLyaUuJtftj ISLutSLdt - 


x2A9J\ju* 

. 19.4 4jjL*JLL (jr LiJU LjJllLa ijlc a^ 4-3SjjJs jJ-c-iu 4 jj1j^- 4Jl ScLaib ^ji CL<_pt 

(jL^ ^<0 5jij_>>Ji ji (9.19 L7 ^ A >B 4-al^ c .j ^Lc^_jVi jjl 4 *41 ^-Loi 

. ?= *= 

JJ-oJiJ! 4 jig r plij} jLiJi (J^Jk_JLl (JJluIlH . LjjIj IjljJLa 4 J.'vljJt 4j3l_LaJi 

<jji ia^u. 1 1 421LJ1 <Q h jL-uj jJJt_iiJl \juk ,JjVl ^ya . 13.17 iLLib < jr La-*j 


Qh = W AB = nRT h In 


v„ 


.C >D 4^cL_^uit 4 tlof c-Liui jjLJt ^Jj 4_L<Dxll 43 LL 4 J! 4JjLo» 4Jaj^_La_> 

& = \W CD \ -nRT c ln£ 

» A 


(1) 


(jt Jlj>o (^Jj9i SJjLlU 4_u Lilli 4 JjL*_U 4-^^gj 

a = T c ln(V c /V D ) 

Qh T h HV b IV a ) 

4. u iu 11 jru 43^>lx. JjjjJo (]>£• ^jLcuj 4_lxujjjLc^ ill o L t^SLll <j\j 4jm-alll (jl j)Vi (ji 111 u 

18.18 4_bm iJLila ij t l-i t i11 /j'- } 4^M-*J1 44-t/l< 4_ul_i_Ol 4 j.l a c (j-u 

( 2 ) PV Y = constant 

.PV— 11 RT 4iUJi 4j_iL_*_xs ^j_jj (ji (^yJLiili jl_iJi 4_t^_uLiL-*-ul 4_t-JLa 4— lm^SLc. 4_lL<j_c. ^Lut 

: ^Lr. (2) 4j4L*^a 4-9^L*Ji 0 J-£> t »L 

nRT 
V 

TV y ~ 1 = constant 

j." ,i 11 0 jla> jt 11 oLt aJ^LjCU ^yi t U11 <1 *ub n/? ^ *~-m.'>- 

(jriil (Ju^r^j B— > C, D ^A 4_uLi-oVt ttoLajtJJ 

T V r ~ ] = T V J '~ 1 
*h * B l C V C 

r u /-> _ t v y-i 
y /iM ~ 1 C*D 


■V y = constant 


(_ r L^. L^TlT. Lj- 1^3 (j^CJJ 


4_uLilli i 4jjUll 4-4. i 


( 3 ) T 7 ~ = 


V c 


V 4 V D 


: ( _ r L c - Lr*4! [jr^ t jjtx.jjLli Jl^J! (jf J>->o ( 1) 4 JjL»-U yS (3) 2Jjl*J.t (J^La-Li 

’ Qc. = ZL # 

a 


71 - 



ISLu UjJ d J - ^t^lGVVi ij£i£ 



'. Jb 4_JV 4jjl^_>JI 0<- Ll5vj 1 

Q c , 1 


e r = 1 


2 . 


= 1 


.4.19 4J_iL*_a 


aj)UK-Jl2aVi 3.19 Jli4 

till 4_>ol_lJI 4^)Lkjl .500 K. 3jt^_>. 4_>-jJ JLlC jJ-ojlj L^j 4jl 

300 K. jlLc ^j_>J! *.i jl_3c_JI Ijlaj ^Jl 

. 4_jj1_3c_jJ! 4_)Vl 4> Jl^J 4_jj1^v Of. La£ ijr lc.! La LtJj_dj 

jJI 4_ll 3^.13^ 1 ^^JLlVI j^>JI (jl Jc>u 4.19 3 JjLjl^s ^.1 jLit3-j-ulj 

, T 300 K 

e r = 1 —- = 1-- 0.4, or 40% 

c T h 500 K 

. JL>jj>c_Lj jJuL efJUj ^yA ^31 4 Of. 135L11 ^jl £_5 IjJI ^3 .4JM-1 4-jj.ki 3*La£ ^ic. \ oJJb 

^jj^L-uXt 200 J \jtjj3 <2Uo o-t-^lLa! 151 3jj^ 4_oJj 4 J 5 O /wLxu Cf^- 

.3jj3 iJ 3 

80J 


ja^. jjlj < <i<i5^ ^->J1 


(?C =1 


z 


T 

71 = - ‘ 


4.19 Jll« 

ifrl <_d±J c^K lit 30% ^ U 4j^ 4 jjJ^ JlcA 
. /w>-L_uJ I fo g"; 1 1 U 5jl^_>- 4_>.jj 03 ^ ,<S^ 300 K 

T h jLrtjV _5-)j^ 4ll SaLi£> a_Lt~ t.>~i 


1 - t’c 


300 K 
[ - 0.30 


= 430 K 


GASOLINE AND DIESEL ENGINES jlJI atfj & i3^* ^4.19 

tfjL* i _ ;r 3 . 11.19 (Ji-ti/ (j\3c—usy-a 1 ^ i a 4 .■■• ni. Sjj.5 l J^ ( _ 7 j Cjl _il« C. 6 ^wj (^\JjjL>JI 4J| 

a! L. ill ^JlJ! i <i 41^ q ii J^Xl 4~. I 4jl^la_i_u9l ^ya ^1 *.1 jJI tj —^J1 j t ", . i..) t 4 >J1 *11 

,_p}\ (jn ifCll oljjjJI lilij (j^a (^1 .4 JVI JjUI a LSI Sjj^S_a CjIjJJU |_£Jl!I 



ISLuUjJ jlj ISLilWl- 


lit *u V1 



(a) (b) (c) (d) (c) 


(JLioj ^ILj <_i3 c- ^ e- u u j i XsyZu (3) 4jJ^U 1H £/UjjL>Ji 4Jl Joi^cL Vi <Li^Lj djjjJt (11.19) 

(c) ^_i_u-jJI 4_La_»-«i^-i uLaol>- JojujJojj ^)>Laj (b) ) 

}L*J1 JJLft^j tfjJ-ili ^3 (d) 4 jvjJ (JLiILtl/Vi ‘^j^A-Zu 4.In^i yi tWiL>Ji 1 

. ejjjjJl jjSJj ^oLtJI ^yi Juu CiijUi! (e) 4 a23Jljj Jt 


UjJj ^lc.1 ^J] jj-» Jolj_tIuVI 4 i C L>j 3jj.i i al (-jJjj 

s 

34 i 3 jjjJ PV (jyi.'xStAj Otto Cycle 3j^-i 4 lr>^» 1 ^j 1 ^ ± i^i 3 2 >^-aj SjjjJt ^<uj ( _ ;r !ili 4 _tLj_*JI .^J3 <<>i 

. 12.19 Jl.-u 

i L~> _t i >• 4— i^-lm Ji .ljj 1 *11 (11.1 9a) O ^A 4- iCr.Aul 1 CT^ ~1 

(jr^j ^2 O - ^ 4 _j1^jl]I tfJLA iLaJLtiaJI JUC. 4_j|^la_«^/VI »}j.^il 

4^1ia^ (<jlJ.U i«iVI ^ji^lj) ^Li^JJ! ^\ 3jjjJi lLUj Lj7 ^ 4_bLLJI ulaj} .ljj 1 J>-& ^ V j 

2 >i (j£ 1 Mass Transfer 4-LiS J l ^JlJLlbl 2>^- 4^UaJi ^jl 3 r< >1 4jj^-st —a 4..lL>.I^ 

y> . /> i i-. xJ J _S 2)i >J) U U ^jJl i 4. uluj Lx » 3 jLx 4-1^1 l n l^J ^JjQJ>0 4^UaJl 

^Jj (11.19b) J< Zn A JojLjuait J&jum ^.lijt —2 

V J C,y* L_uLuji ^i^ii Jaol^. i-l^t il aJj i^_ ;r Lll 

J^l JJ^ili.Tg ^ij T a 3jlj—>JI y -jjjj V 2 

Ag ^ i~> ill C^O 4_>-Lj-aXi ^jLl*U 4" 4 Aj (_JLi^z jldtil 4 . „tj t 

.(12.19) JS^yi 

^1 Sjj-J PV (12.19) JS4 Uj ^ t _ ( ,^ t B -* C aj^ji ^ _3 

C-' L -Lut i i Lr yjj£u Jfc-Zy jJILcj ,^yJb j * 

-I •* mi - T - • • - »i 2^° 4 . jJuo—xJ l . (11.19c) ah >-3—>• VI 

tsb—<Ut ^ CjJ >a t _pjl 

Lxi-U C^^JI 2^0 3^-XL^4 3^JlS J>1^ CjJu> 0 L^J V SjjjJI (J<2>i ^Zjj i 






I t S LuluJdl ^uVi - iUjIjjtl l ljVVI i^mc jiAdtl 


4_juj >—<~u 4. Li .<; c. jJlUu ^jljwIL^Vi 4 jl <; rj ♦ 4jlj)la mVt 4 tarn (jr^^ ijr ^ ((j-u-J^-ll) ^^u_lJ 1 (j^j 

4£^^J 4_La_u^j 4 j.Lvt J 42lia ^ji _i^2jJI ^3 4-uLt.^SLll cLajlj^Ji ^3 4jj£jj>vti 4-tbvl jJt 43LLaJ! ^j i > V 
<jl VI u]ri* <>>!! I—T^ ^1\ Tg /wa 3j!j — >Ji 4j-i2J^j Ca3jJ! IjLA . j\_iJl CjLljj_>- 

<jl LuSLajj . jLiJI 4^a,i.al^j (Ji. il> CjJU*jV <-£-UjJ^ . 4j-uojJl 3jJJ j.j>s\a\ 4_jsi_iILi Luj-oj LuIj ^jlnj 
Cr^l !?h ^ 4 -J-S (Ji*-. JU 4 -lLq-*JI L$j! (^ic. ( 12.1 9) JS>2l PV ^ I sc. \.a (J Jil 4 jl,c*.H 0 J 1 A JlLc_i 

4 %l a^VI (Ji4j }-Ljt3 43LIa.il 4 j. 14X. ,_ T A 4_tL<5JtJI <3 j^oVl £_3 Ij t _ ;r 3 4_j 1 VI .^LlaJil 

.(JLiLui 4 tl tjC, o-iuioJ^ (0 > A 4_lLcjl1I o- 4 ) 

ijukj Vj ^4] V 2 <>» Jl*H 4j^u (11.19d) JSLi Power Stroke C—>D SjjLsji ^ - 4 

# 

. ^1 t^U ^3-i j^dl -Tq (jy-lj j)>a 3jljj>Jj 4jwj^ ^jl -iJLcHl! 

. C L i cTi->o 4j>» Lt.u.11 L 4.111 (JiLt-ul I I 3~&>y 

L yj^X\ LoJlIc. ^oL*Ji CjLoL^ua ?£uij (1 1.19) JiLi.^ ^3 4iua Ci-i-a-J ( _ r Aj D—> A 4 -lLqjlII ^3 — 3 
^j.a ill I 3) 3^-* £JLA JV-i* ♦ C 1 2jJ I 0^. unf) Oy i id aL^3 i la * i411 ' L* 1 ' S33 4j1j^ la t u Vl (Ji i u V C 

JV-J*. J’jL-rujj ^1 c-Jj. ^u.T> tJlYi^ 4 j1jU i »Vl ^LLaJI ^~iil .Co-jLj |<iJ?c_>Jl^ L-U^_o3 L^L, 

. 4jJtjJI 4 u1ajJI 

^Lw-<o L^lu 1 ^1 ^uo$-Ll (11.19e) A > 0 ^jLdl Jo^i z* VI 4_J_4-*J 1 ^2 — 6 

JL^J V 2 (ji! Vj i j-i3 ^-sc-aJI ^cu2_1jj .j^^_>Jl 2ajt_iiail J-tC. 4 _l 2LJI * L>-^L<La ^^L*Jl 

• SjjjJI 

• 03^ -^1 -^- ' - r d_^JIj Jg-iL>. j l ur .ijj 

1 


e = 1 - 


(V,/V 2 ) r ~' 


(5.19) 


ijr Jt)V^1 V 2 3 ■• laj 1 >J Cp/ C v jUU jj\t ^jrpjlj^dl U^i 4. i 1 nU l ijr £t *f C^->* 

4,i_i4i} 3^-1 -j^jj 5.19 J12-A (_^2 1_4>Lor ~i i" inl ( Jr lll (5.19) 4 J. Jal i> \irt jVl 4 t an 

J^JU 4 JV %56 LajJl 2 4-jjiaj 3^ y — 1 .4 jl 8 JaU^uajVl 4.1.4gj j^J LqJ lic .ulaLiaiajVI 

t 

. (%20 (^Jl % 15). 4_uiuJL>J! 4JVI 4_l11 (J- 1 - 2 U L 4-4 y j~i^..> ^-^1 4^_uiJI 0 JlA^ i ^3! \ j L-> 

j^Jxa VI ub-^ (J5L_>. (j^a 3jtj_^>J} (JUlUjIj ^1L< : . ^ VS (JiLo (J>iaij_*JI (_^3 ju U. 4 . J. in . * 

«• *“ S S! * * 

L^jI VI ^j! 4 X lid 3jjjJ 1 3 >U J-4-AJ JjjJllt ClVlj . 5L-<sL^ L2lj ~1 -vl J^2jj|j *I^J! Jcaaii** 

. 4Jl 1 j 7 3 4_Jx. (jy-A Lc^o ^jl. i^Lj (JjjjJI 4j 1 ^3 Joi a oJa.iV1 4o_i. a j^ ^ 1 ^ "i ^ I ^J^ILcujV 

LcLdJjl 4 j 1 ^LxmVI 3jljwj>- 4_>-jJ liJJjJ Lt-UJ IJljv y. (^yJI tla ♦ iiaj 4j|^ia^VI f.l^_^il2 

4_u2i_^ 3 jIj-j>JI 4_j>-jJ 4jI j L-> , m VI ^3 Jj> ^ 'Z-J 3| JlxC . lLsLJLlouiVI Joj) -uj 4jL^j ^3 I JLj J—Ji 



ISLwUjJLUj I SL ul Sutf - JjYtfjjeJl) 


(j\jjjL>Ji oYT ij-A ^, 1 c. I (Jj>jjJi oYIj 4 ^Lv (jjj ^$^^3 jjJsjll Jja-tLy 

. 3j \j^l I 4^j_i (_yj JUJLJj ^Lajjl (j_4 tijjj (jc. £~; n Laj »-LaL«.i^r> ?Y1 4ai.u j ^LcjjY 4_?c t lu 

£ t 

jJ! Sjj^ S^LiS 5.19 J&4 

3jl_U <jl l! 1 jiI .5.19 ^JjLjlxu ^yLa *1 <LJ 11 U 3 J 1 BjjjJ 1 .tlo 4lY AjjIj— >JI dcl—^SJi (jl Cull 

.(12.19), (11.19) ^Jl ^illa jL 2 ^ aJU^JI 

D^A 4_jLa_*Ji B— > C 4 2 l» >J 1 lijr $ . jLiJl 4!n a u 13jjj ^ 7 ^ J^jlaJU cj* .<^.H Y 3 ! *-^ 3-5 

(J j Jl tl I iUU (j^Li A ^ B (^yjLojYi lal.» t^i lYl 3 1-ill 4J JL- U (JJu-oJ! . (_)■ * - c u (J-^?Y 

4^.LJli JjJuJll (J i 4«11 {J ^\-u2 jljJLa C *D (_yjLujYI JijLil! 4.ja.<-ol 3 J 

SjL>;t 3 ijr 5 4_jj_^-ijdi 42LkJi j~i i-3l 1 (ji .(12.19) (J^ ±m lj j3 jlUl 4l^L>JU AliioJU 

3 !.. a) 3 Ij (JjU- 2,1 (Ji-jJt L:r ^'Li^> (J^Yi (jjjLiLlj Ijiu Lr> 4ji JlJ* L^u . j a is> t^jL^-aJ 

^UaJLl! ^yjj Al^iU! A^Uoll 

w = Qh~Qc 

cJsjj—ju £ya t^JL'oQ jLiJl <j t CUu -^3 O.ill sZ*j>i1 ^jljJL-Sfcj D > A, B"^ C (j^3.. (jl C-< l% 

.jji Jlt>o (21.8) 4l.iL*-a 4_J^ii 4-jUJjjJl 3jlj^>Jl 

< 2 /j = «C K (7^ - 7 fi ) , q c = «c v (r D - r A ) 

4jjl^_>J! U£U dW! 4_! jL »21 ^lUiu-aj 19.2 <i3jL*Jl (j-JtS^Ltll (j\->Li> ^ 1 jJxL i j. a L> 


j _ JdjzJa 
Q„ Q„ t c - T B 


^3 (jLiojl—uji! A—> B, C jL» «I1 jj! Ui^>-V j| 4_b^L_jJ1 osj^ t Lr>a uul LLiixuj 
(_ 30 jLjjj^H .*U 19.2 jJlaJLI / J7 3 L^aic LlLua^w (ji 3 -u u TV - ^ ^ ~ constant 4^5"!—*-2 


B: W'=W‘ 

D: r c v , -w 


V^— VJ3— V j, Vg— V—■ V2 ^ (jl cj<— i ->>3 (_j^-2 1-*JL 1 ^ 1 jltcHx^Lj 


W" 1 = r fi v/-‘ 
W^W ' 1 


(jl 


: (j t JlXI oV jL»JU <?Ju4> (J7 ^ JjJL>Ji 3 jlc.L 


Ta = T b 


<s 




ISLuLuJlU fj£ uWt tjmC Jinrtti 


T d = T c \ — 

d ci 


y-i 


(3) 


Tp~T A 

t c -t b 


e = 1 - ■ 


tjjt J^o SjLclj (3) (2) 4 _!j>L<_4 

r-i 


v; 


i 


(4) 

(_yi C. 1 iljUJU 4 ibUJ,! 


(VJV 2 ) 


r-1 


(5) 


(5.19) ibUI ^ 


(3), (2) t _ 7 aJjljL>s £ya 4j| 41^^51-^ <U5/jU Of- Li£L!l j x* t (jl 1 m*\ 4 ij 


(v 2 \ r ~ l = Ja = Id 

T b T c 


\V> 


e = l~ — = 

t r 


5l 

T- 


■.Jy\Z ^U (5) ibUU uM 

( 6 ) 


‘S 2 C 

jx-o 4ji 3*La£ /jjj 44 >-j3 jj 1 

BjjJ 3*;U& ^-j£i Cq — 1 - {T A I Tq ) 4-IjLjlXL ( _ y LuU Sic. ^U133~ <114 

.(6) <biab sikai 


Models of Gasoline and Diesel Engines Jtflj t(j j xtaji 

4-^jLuJ! l-jLJI I J_d> ^3 4jjj|^_>Ji iSj-xsLujdt Jj-ou-uI ^1 jLsr-^ i oi <j-4 11 4J 

J-ju . 2JV1 Ciljljl^ Vat jL_iJI - lr\x is\j (j-dlVI . Jj-jJlHj (^JjjL>J) ijr^^ *l.iV j-l^u 

^_u£Lj <jl Vi * uSa iVl aLu \ ^JjuIL jUtJI Ji-u . $.1 t-iLlj 

(J7 ^ J. ~ >.V1 JJL « L-a 11 r (3L>_-L>.Vi ^-*-4 *)j-^ii < Ujl-V > ^4 V\_«_uj) U JJ-_u 

. 4.1^ * «l^-i ^\ jjjiiSJli i^j-a 4JVI 5>j*JlS ^JriT* 7\j . 4jj^La-mVl 


Displacement Volume ^IjVi L^s, ^rOlVi ^ JU ^LLoU ^ ^ < liJIia 

^-u> 4Lull! 1 (jr&J T uLal * ^>VI 4 uu'ij 4jljt^ t <>Vi 4^o3 ^La]| /j^c LoJur. 4-Ln-ol 

4J 1 0*5 r = V A / V B or Vj/ V2 4 >^M-*JIj r cu - > - 4jl 

<da\ '* t>i tc^ 4-ttli^ 4_*jjVl oijjjJl 4_4J2-1^ oVI p l^ * a .5.19 

(jlil . L^JLukj ^djj-ud 4 jx^ (w-cJ^-ouJI iali ( _ r ^L.(^jUji iSjJcSJl 

.uiL^Ll! 3 jl>.Ij 3^4 Power 3j jl3JI 



t SL^LujJlj ISLulSLdl - j/Vl f>aJi) 





4jij) la(i>VI iJT 3 Uj-^) 4aJi ^ J—>-jo 4Jl t _ ;y B 

^ ^2-5 (13. 19) 4_jJ lil! JlJ 1 ajj J ^3 . uLs Lt-fatajV 1 4j IJU ^^^3 

J-Lc. -B A ^Lujf ^]rx* k's> 4_l 1_4-*-J 4-jljl^w 

s .\^—$Ji —-*JL>. 0^ _ ~*~t ^3i^Ls—j-tiVt ^^,-3 jj s^Jl qjz —3c-j B 

da-i-ujl <*±SX^->‘ dx-)Lj Jo.* ilo 0_>0 4_ll_<J_3LJ -<2J _}j-3^J i J 

Cj|ji->.{ ^3 4 _j>.j3 . VC (B * C) 

4_iLui Power Stroke 3jJuili *£^3jJJ I 4 -lL^c. 


(L3.19) J- 


OJJJ- 

Jj^JLii dJV 4 fi.i <al-Lj.£^-X^Ji3l 

.PV^l^ 


^£ . V q— V ^ (C * D) < ~4j -v . V 0 (JT 3l_Lj3i 

D > A ^t_3- C.ij^j Q c 4.3 LL^ OjL^tJj ^oL*JI ^Lo-ud 

^3tJ-) 4jl ^.W < nVt LoJlJuL 


3jI^_j>JI a jl_£l 43!^ia-t-uSM Jca_LL>Jt £jl a'(t u LIjIjI mjv. 3rJlu-t-j 

j i * Lu.i 300 K. JlIc. f.\^ 4 U 4Jj13 pjL 3 {j^>j a Lmj C 4 -_jJjJLI 4_j_x.^_jJl Vju C 4_L-f.jJil 

# 

* 0^1 <J _$-0 ( 3 ^° 5?ju <dl^ 4 _!Vju 0 I 3 UB ^Uil clu 12 J<Llc.^_l! 1 cj 1 jI^_ 2 kI 1 
C v = 0.718 kJ/kg-K, C p - 1.005 kJ/kg- K, y = Cp/C v = 1.40, R= C p - C v = 0.287 kJ/kg-K 

= 0.287 KPa. m 3 / kg- K 

A3.0 L Gasoline Engine CiljaJ 3 2Laxu jjljjLv 2LfT 

(cjlilj)lrw «t) Cj(3 £^JjjL>JL} JxJU 4j 1 £y3 3ll^ *11 <-jl m -V JjLtJ 1 iC J 

.r — 9.50 1 $i°. JoLLt-^Vi 4 1 < u)j 4000 rpm L^jL3J 3000 L L^j 3 4jwljVI 
^Jj -?>J| J-txij p.Lulj 27 C lSJ - 1 tlajLuaJI JU_c. 4 jI( j-^^ 

. 1350 c 4 _>-j3 

P^= 100 kPa 3 jJ 3 ^.la-V" <nU oUI^J^_oVl Cr^ Vjl 

^£3^° ^-*^J ^jyjljLbVI < <-n ij T^— 300 K 4_ljIjCuVI 3jIj_>JI 4_>-jJij 

xIjl £9 Ya — f— 9.5 JdIjLu^-jVI 4 t t uJ ^lll xjjcx>J 1 j ij\-i 4 i < U ill (ji xLlj 

V„ ' * 

L< < <t'U 4 _.lK 11 4—/QJ5e^_>- 4J^il 3 L ^i^-li ^45e_JKji ^Jb £i-'ZL- >xll (3J—A ^ ^ 

(4jj^U JLii 1) }Li u (3^1 oM ♦ (kZjljl^lr^ i u 1) oijJLiL-u 


^A-V s = 


3.00 L 3.00 X 10“ 3 m 3 


6 6 
(jjLgiJIj (jjljQjVI u~LaC a i ( _ T lc. , 


0.500 x 10“ 3 m 3 


Lot £yC3-iBLll jOU 


V A = 0.559 x 10 -3 m 3 V B = 0.588 x 10" 4 m' 




(j 87 ) 


Aj;I 11 S L u U j j U - 4 jj1 j9tl \uVVl x j—Ql Jtdili '; •*.- 

4JVJU CiljLiJi CLulj ^JLjfcTu nJ Lul cLut:*. J PV ” llRT I ^3 4_Jl_aXI CjI jLiJI 

. _3j-9jJI ~cl^Jl tlrwi-v. 4±£ ^Utjj 11 x*S! xa t J^JLl Vju 417C11 

F a Vx (100 kPa) (0.559 x 10~ 3 m 3 ) 

ffi = ———— —------—.—- 

RT a (0.287 kPa-m 3 /kg-K) (300 K) 

= 6.49 x 10^ kg 

PV = constant ^i»* Ijla^ ^jLujI Jbt**Xul 4^1 <tr (19.12 (JSLi^lajt) A ^ B 4 il<i«li 


W 


Pb-Pa 


W 


(v A 


\ V B/ 


P A (r) y = (100 kPa) (9.50) 


1.40 


= 2.34 x 10- kPa 


: tjr A < 14 ♦ .X <V1 Jmj 4 j>-j_s ji jl>o jliJI jjjLfl 4 * ', . ..11 

P S V B (2.34 x 10 3 kPa) (0.588 x IQ -4 m 3 ) 

R ~ mR ”(6.49 x 10" kg)(0.287kPa-m 3 /kg-K) 

= 739 k 


4£^_>. 4ui>.lj 4 J 3 U 0 tinj|jj^Jl (J^cj B *C <LlL»jlJ1 

Tq — 1350 C ^J] 4_>.jj I ^Jj ^c~ V B 0^1 *■*■*£• 1 

. Pq t il i.us>* 4 JI 1 O diljLiJt 4.^j,aJI &JJt> 1623 K 


p = 

c K- 


(6.49 X 10" 1 kg) (0.287 kPa • m J /kg • K) (1 623 K) 


(0.588 x 10^ m 3 ) 


= 5.14 x 10 3 kPa 


: $jS) JJuquJl Juu Jai-uajlj JJLcj OJLstJ C > Z) 4 


Pd “ Pc 


(v c \ 


= Pr 


\ v dJ 


.pi IV 

C lr/ 


1.40 


= (5.14 x 10 3 kPa)( —^) = 220 kPa 

\9.50i 


‘uj-b 4_uL^JlI! 4-^jJ (jl J_>o 4_utj Cja i jLiJ! j»lJiitlu-uLi 

P D V D (220 kPa) (0.559 x 10~ 3 m 3 ) 

D ” mR ”(6.49 x 10^ kg) (0.287 kPa-m 3 /kg-K) 

= 660 K 


V ISL^LlijJIj ISLulSLdl - JjVlgJjfcil) 

. SjjjJi { jr 3 4-lL*£. J£ 4_jt JU JulC. djtj->Ji 4 jvj_> LljjJ ^tu^l (jV! 

4j1 jU j 4_s ^ j) 3" ^jJI jJjLojJ! /^Luoj <121111 <^LLiil ^.sLuo :*-> ^jl 1 }^<n 

. 8 . 19 <!^LjLXJ 

Qh = Qin = mc V CT c - T b ) 

= (6.49 X 10 -4 Kg) (0.718 KJ/kg-K) (1623 K-739 K) 

= 0.412 KJ 

Q c = Q our mc V ^D“ ^a) 

= (6.49 x 10 ^ Kg) (0.718 Kj/ Kg- K) (660 K - 300 K) 

= 0.168 KJ 

^net = Qin ~ Qout 

W net = 0.244 KJ 

e = W net / Q in = 59% 5*liSJl 2.19 2 JjU* ^ 

jjl .^JoU>^ua.>Vl 4 i t >3 SjGuLlxj ujLl-u.->J 5. 19 ^,l,.k 5r~i-i.ii\ Lli£- 4 -i) 

( J-4-G CjLjI i 0 -»-aJl ol 2 <f>l&ja all uo jjl jljcJu ^ ^ InG 

: Ur A 4000 rpm oUJ 

^net = ——) (4 000 rev/min) (1 min/60 s) (0.244 kj) 

\ 2 rev/ 

= 49 kw = 66 hp 

2.00 L Diesel Engine jJJ 2 Jjj j <llT 

2.00 L^l 3 ^cjljj 2 L_a^ cjUI^Wu! £_jjI Cjlj <-11 1 ^.*ta * \ BjjGi! j Li£._s 

4 _jL^_tuj r — — 22.0 dicLjuaGll 4 .a i-ulj 3000 rpm 4 .l.^.. 4 jJl {J ^ ol 11 jjlc jGc ^J- 4 —Gj L 

13,19 B .dulilli JGulaJl 4 jl^r *l—DI ^^uuUl <i.i«t (jr^3 Cut Off 

JojL_uaJi J ClC. Jot—i—GuVl SjjJ 4jt wU JLul <3ljU <<3 {J ^ *1J* c = V^V Vg= 2.00. 

oLutajI (JjjJ! <Jl 4-i 1 fuA <11 .27 C 43j_iJt 4_j>-j.}j ^£^>21 

A-+B JoULGu^/t 3jjJ 4 jL$j Lulji Jo_tL>Jij B 4iaGHi . J. 2f. 1J—C. I -4 

JoJuGall 4 j 1 4 r ^clu 4-tL v ljJl 4-^LLaii ^jl LjlTi-GV! 4_>-jj ^Jj 4->-jj> Jual Lajuc 



t ISLuLuJi) ^u'Vt - t uVV I ijic j«CJt Jwugt 


(^78?) 




4-_i_~£Lt-^>l 4_^lla 1 3 "nl D ( _ r Jl C (Tya j 4 ~_<-u3 J“ill 4 jl <; r B > C 4.j_l^ 1 t1 CxjUiJl 

V A ^IjujVI olj-aJua 4j| j U ml 4_) ^jJij . 3jlj->JL) 

V A = (2.0X 10 - 3 m 3 )/ 4 = 0.50X 10 “ 3 m 3 
c t ^ 

^4?E_>J1 ^ A uaLi >r/ J.-3L-) 4jijisLi-u^U ^-1*5 I J jLJJL) L_SJ m i 4 _jJLc. JaLi-uaJ^i 4_u_aJ <j I CxJ.^ 

T a = 300 K 100 K Pa P A ^IjlSjVI <U* UaJI f .^\}i\ 

^i jL^tlu-uL j 4_j|pi^ii 4-lr^ uL^ LUiSL^ 

W (100 kPa) (0.500 x 10 3 m 3 ) c 01 1A ^ , 

m = - =—-;-— = 5.81 x 10 kg 

RT a (0.287 kPa * m 3 /kg • K) (300 K) 


PV — constant 4 _uLjjj \ 4 _lL<ut. A > B 


p y r _ p y v 
r B v b r A V A 


Pb = Pa 


l v \ 

= (100 kPa) (22.0 ) 140 = 7.57 x 10 J kPa 

: (JT ik lLsI *.uatVl Juu *1^ (j! Jl>o jLiJI 

(7.57 x 10 3 kPa) (0.500 x 10' 3 m\)( 1 •) 

'Y' _ *b’B _ ' 22 . 0 / 

B r> /r- m lA^t 1 ,„\ (r\ A07 1 ,D„ . „3 / 


mR (5.81 x 10 kg) (0.287 kPa • m7kg • K) 

= 1.03 x 10 3 K 

•Pq— Pg (j3| ClijB »LaJuJa iZAj >*-i 4_lLx^c. B > C 4_j_LvJtj 1 

jLiil Q^jUL! 1 7i 1to . 4 _lL<4.» 11 L-rt.r.l ^jl 2.00 4 im ) ^ya ^Jbu 

3j!j^>J1 4_>-jJs (J7 3 lJlcLu^j 4ir. 4_jjLjjjjj 1 4 _jLcX. tjr fl C-oC-LiJaJ 


T c = 2 T b = 2.00 x 10 3 K 


(jjl ^LuJil JJLcj 4_iLui C ^ D 4 14»1 


Pd ~ Pc 


YcX = pJ^)\ P J r J.\ 


v B v D , 


= p c { r c r j 


- (7.57 X 10 3 kPa) 


/ 2 . 00 \ 


1.40 


= 264 kPa 


T PpVo 

* n ~ 


122.0 ) 

: Cr^ (1)^^ Cy* D J2c. 3j1jj>JI 

(264 kPa) (0.500 x 10 -3 m 3 ) 


D mR (5.81x10"* kg) (0.287 kPa • m 3 /kg • K) 

= 792 K 

4 13T t t l 42bLLxII ( iLx.u_>- 1 it }*\ <4 \ 1 4 -lL»X. 4-iL^.lil j 4 j1jla]I J ic 4^>.jJ Ujloi 

(J^ ^3^jlru.^1 JjJljJ.! JjLuJI 4_Laa-u! 



ISbaLuJjtj I SL ul S bt t - JjVt ^Uj_ui3l 




Q\r Q in= mc p (Tq - t b)= 0-601 Kj 

2c=e out =mc v (r D -r A )= 0.205 KJ 
^Gin-Gour'0.396 KJ 

w 

e = -J®- = 66% 


a 

:<_ ;r A 3000 rpm (oIjj^lL-u) oUtj^ln <■»! oil 4J1LJ 3j j_UI 

:/ ncl = —-—)(3 000 rev/min) (1 min/60 s) (0.396 kJ) 

\2rev/ 

= 39.6 kW = 53 hp 

ctkb^xJi 4 -t5> J-aLij i oL>JUil lilts Sy-A Jjui l_u_A ju 4_gJ Jl_>J I dj\ <j.ig is ~\**31 ^xLnJLi 

. 4_JllLa otjj-i L^oB ^ Jlst*S < m~> ( _ r l!i 


HEAT PUMPS AND REFRIGERATORS £1^01 lj 2U>1 

4j>-jJ> yUC. 4 ain La t ^yo 4BlLli ^jJLu 4j-£-ulfL-ba 4il^ 4_ijl^_>Jl oL^t-Oill LiljLlS 1.19 ^c..m Pi 

i^y*j Ju_x3 4_jjtj^_>Ji olit-OJU 0_>0 /.ul J_oJ . 4_vjJ> Lfl l.a tSj -*'i 4-iLa_Lo 4,<n rtT’id 

4jjt^_>Jt oLsttuiaHJ . 4_!iBjLL!l ^^^B viJJJ^ >Jl iO.ml (jV! Oc^--n^>lj JU^_g! J-uu 

Jl>.! . Jo-i_>J,l 1 U t tfjJl £-A SjlJ^JI ^yC. 4BI Lnll ^jVjLlO 4_U J_*i,l C-tOjljVl £yja ^Ail 

If 

4_xB jOll ^LlO {Ji-ta £Oaj_j M Ln~Lj a <"«.* ^ 

iln *g>> JlLc. a IjjLs j-jlll 4_L>3.} ,^2i jjlLbjjJ ^yZJLl JjU. {jja 4BLLijl jjsCi a"l 4 ^J^LJLi JjO 

«la*iJaj . (J7 JjlU £jL>- *.lj^Jt ^3 4BlIaJi ^j^i" gj i “.<■*>. JjUlt (^^B Usjuc. ^AlrtJ^a 

5j!^_>J! 40a Jig 13 0_ljv. tin xO> JuX. L- j2U^ ^IjJ! JjUI Jib bib oau ^jsIjJI b>U1 

.(J-Uil Jitj tl_^JI t 

(j^2o (_y3.jLiJ! JjLil yjuajj JL^jlU ^lla-i^ ‘Litjua-o «jbc. < n.;5a ^5 

C-ilil j-jlil {jjS 4^UaJ! (j^i i • ( _ ;r a-jL>JI JjLJ.1 (_ y k>"lj2i (J Jjbli 

t jl i U (j- 0 jjUU ilat I>IJ (jl 'Urn-O Jib (jA (_y-b-ijJi 

^yb. Jjji-iii J. » lul l (jba Vlj (jr^ »i ii as (jl (j- 4 “4^ t .".j^^a -Lr-i^ ^jbi. 

»ifl i i . d-UjJ 1 » n 5 j -* ->JI ^.lO Jiij (_JJ >— al i^i~i S^LLa J~<.< i i u i —j\i. 1 

jJi 4 bLLxI I jl J. acB . U-j 7 u 3 4 4j^^Uiii- < sLs Lt^j La tit ^ a In it Jb^-LbJ 4_>-lLbil (j! 4 ^j^LsJI 

jl ♦Inli ( jb3 Jlwjj ! ^ jy jJl 4_Blkil ^ya j-&*\ 4_>-Hi]| i h\^~ (14.19) ^JSLlL JjLlU 

sS 

(JJL^uil jjI 4i>.tjJi 4 bLLJ1j 4_>»jLi*Jl 4Bt lr> 11 . !_>-jg.a..<c 4_>-lUl]t c-jU 1—d tl! ^ tin 11 (Ji*-!-} 

.4g>-lLiili 4_i jJt_U 4 _uL^JI 4Blkli 4lrt t n t^j jJu_U 



1 JdJ 1 *3VVi tj£i£, ^idti 



aailaJ} JjL_« (14.19) J52i 

1—112- £j-li3J_ll 2Ji 

ijr i£. 43llaJi (JUj £ 51111 

■ J &j • clj-g_ll ^Jt Sjlj- 

4-Sl2 If 2® j-j^I jjjS-J ^LsLLali 
Jjl— lII 4 lrn.uljj 4—ua.2—<21 

{j-a 4->-5^—ill ^ 

^L*2 2° 4_>.^L-j31 



42—2i i2j3 ^_uj (15.19) 

4sLLall ^ l~i» >j JjLj ^Jj ~n-u.<q 2^ C c 431211 ^yw < ) 

1j_A «jf 22-V .£> h 2*^—<-u —« ^1 

(5.19) jylf J£2 42 l> 


3jly>Jl 4 j>.j_}J T c IJ yJt> 4222-41 3jly>J| 4_>-jJ . 4 jj ij>_>- 42 2 1, j i 2jj (JSLii jjfc (15.19) JSLti 
4-jjiy_>Jl 42-22U C^al* 4£5 j Qq 4^-5CiJi jJjLt>a ^J2-!.S j_jU»L 4 is\~i 4 11 431!l^ 7^ 4».ilj^l 

Jwxs o <2^ (4_!t3jj4l) (j^*r i n 3 11 3jj_> ^9 4 2- i^Xl 2"° 4121111 4 _bLLjJ1j W 0jJL3 Jjl2 ju 

Coefficient of Performance *taVl J^U_^ Cr c_^ ? jl4 JVoj l^ir y_yu 4 _jj 1^Jl 42- 211 4_tk.l3 

^1 4l2llU 43 U 3 JI IJ\J 4 w n L'l 4_si ijr Lc LT^J *COP 4 J 

43 LL 3 JI l4L ^J-OjJ (JlHiJI {jy^\ ^OjL< ill I 


COP (lr2^i2H = 


-Ql 

w 


4_>-jJ) ^3 4Jjlili 43 LLJi 




(6.19) 


42211 4_i ^j2i 2*4^ (J2nii 
(J is\ La 2^ 4 11 u ill 421 ^^3 4jjlj_>Ji 4 J 5 U 4jjIj->JI 2La5L!! 4 _j_2u COP clj5f! 1)1 22>.5f 

Cu>. (42 2al»l 4j aj2j 2*-^^ (J* 42^211 4j 2^^ cr^l ((jy x ~i^ C^ 1 *^ j2J-U 43llajl^ 4_jlil 

* «. 

^jl jji2 rtU LxILc. 2_^f ^IjVI ^faLjL^ o^ 3 03 ^? 4-«l£. 4 a Q h 

• i-« ^ic.I 02^3 2^ (J-2alu 4JVI 3^12^ 2^ ^2^ LaL^j 2 ^-^ COP 


.4 42 < 2 <41 COP 2^4 3j j 2^- jt 25 F j2l2Ji ^^3 4^>.jj ojI£^ 151 

4iJ _uj 2*411 3* 2J1 Jl_i2ai J-Jjl-J j— j-^I (j^2 jjylj-11 ^JJ 4lj2li! 4_3UoJl 4 j-^2 2^ 2^ 





lSLt«LuJLltj iColC.tl - JjYI cjjcll) 


O' 4_*»- ij~i ^xlS {j-a i^ni ^IlII ^jL>- 5j!^—>J 1 4_x-jJ 4-jl VI 4-i»: juai>! 

# 

^ 1 jJtlxxi I (ji (_£l .(COP) l^jbj LlUjJ L»_U a\^\ 4-3LLxH 3 -Xl 3^1 l.V~Li.n~; 

4_j | V! i t i-rtj-A 33 ^ (J J'-'GlJL \ 3 ^>JI ^.l^-^ji £yz 4ojI 3 —1 4 J 2 LL 0 JI ^^->1 ■> “ *aj 1 CjLit-GxU 

J^tUi ^3 4 jjI3_>J 1 otir i^ili ^1 wiitTu-ui • 3 Jl*IuJ 4^vj,j a-*- m CojJx. (jjSLiV 

(_p 3 jVi {_y& 4_iiLLxll 3^1 V 1 1 xU 4J1_>J{ _L_& ijr 2 (^IxjVI j- x.t^ Jyi.C i _ T Lx (JjLlU 

. £■ 1 “ i2 h ; 1 *-Uj! Lsr B 0-A ~bj !jO>- (^£-1 U 3 ^ (jr-^i 


.%100 4-xLvij 43LL> ^^jJi 4 »uL> 34^J1 43tixH Jt ^^^3 

4_x3jGJI ^.Uoxj u^oX. 1 jl (J 3 JII 4_j_3 ji 4 nifl-j I 40 Ajj-IU 4-i-mjJI ^ 

4j?r .</->U 3303 ^ 3 I ^ 333—35 $4 l_ 4 jijl jJ>aL*_4 4jjij^>. cjLst iA a ^Jj 4-uL}34 < CJl 0 LL 3 jJI 

. % 100 4 J 4jjt3_>Jt 

4 Jt-aixa La£l 3 _}jl^ c> ii< Cx ,J*qjG ^lli Loji^osdi 4de_iixl,i ^ji ~ a > 4j^ Ir> ill 4_xxliJi ^y 3 

^jL) L,4 - A Jl^>- 1 —i_u_4 333 jJ-4—*3 4Jl (^V COP *ijVl ^J^La- I ^^yixiVl jL_>dt jJ.L 4-13 .4jCg4 4jjij-o>. 

L -0 jJ-C. 3 * 4_>J I 3 OV t>4 a i^l (jl Jl -?° 3. I 9 3 1.19 ^l„jk it.~i-t.iiL} .^^ywLt-u 3 __>.V 13 

. <jl _3 JtL ^j^itu-uoli j^j-uo ^33 


COP = 


Qh 


— = COP tljVl (J^aLos 

\$ - 


1 


Qh -a 


a 

a 


1 - 


T c 

7i, 


r„ r 


^^3 I 3 -^ 3i 30 V Ug 4_3LLs 3 _Ai 4^i liT Lo JU 3 3 11 ^_y3 ^J-<i-*_j 4_ic_tixl 4_i Ij [03 

XjLJi ^Ji3~t / u11 tjfA 4311x11 ^_ya J J3 33 LI ^xll tj-uG 33 LVI 4ojlj^>Ji 4Jt_Gxii 3 1 Jjlxll 

Q^, LiVjiJ (COP) ^bVi ^J-<jLa _4 l 3 jjlj-lm ^JiuJi o J4 1 0*^1 • l 3 - 3 *“^' 4 i (^jLi-ttli (3^ 1 3 uLaj 

^ =jy 3 ( j«i 3 (COP) abVl ( 7 . 19 ) 

w 

.6 3! 

L^jjLo Air U jJt j die_iXa ^J^aLOl jJlO 

Carnot Cycle in Reverse S-l^LX' ijjoJ UJa aJUOJ' 


COP (c) aI^u = T T 
l h ~ h 

jjjjJtl tlaJOuail (JaLjJL 4 i» <3)3' 2jlj—^>JI 4^>.jJj Jj^_jdjt J^LaI 4-<A asr ill 3jl^->JI 4_j-jJ l -Aa ,c 

. 10 (J^l JU£. (COP) a IjV! JjaLta jljLia (jljjijcj (4j>.yli!! ^jL>- Ji^a-^') ^792 y 




I CiVYi ij£i£ J^^ti 


\_ J-J>LUjaIi%4 

Jji juolij 4 _>.}LuI 1 Jadj (jyS 4 4, »U^U 3jl^>Jl 4 jvjJ Q-°^ -J *3 ,i (. ( \"i -v>ljj COP jjJs 

. Jj>*j ^cJ \ jj LiJwU ^jJr" f til . ^ 4j>»^la]t 


ENTROPY tr—iijUhn 619 


^J) $b a J^llb JjVt 4_^.J^ ^.J)^ a .a jJjLuJ 4 jj1^_>JI I^-^Llj jJJ ^^.d-unil 

U^j? State Functions 4JL>J1 Jljj ^ 4oiiwljJl 4_iLLJij 3j!.^ul^ijJi ajslkli 

^Liii j^jlilL) jLt .u 4JUJ1 Jljj ^£^—>*1 4_llj dillA .^Utxll] 4-g^. i_c Lu I 4Ji_>Jl ^jl 



10.10 

& 

10.11 


A -un ? 


^ ajlu Vi lJjju uijxa ^ Mtrtlt IjlA . S J-ajJL 4J Jjajjj Entropy ^j^uVI 4 jj1^j>J! IfLusLuoU 

. 1865 j*Lc (jr^ ^^l Jj! {jr* Clausius 4i^c. mLju 3 ^^LI 1 ^j^l_o 1! ^JLc. 


.<JU ^Jj ^jljpi 4jl_>. ^1ln.<ll L^jy-Li. JJLui Infinitesimal j. «<^nll 4 .laLu.4 4_lL<ui ^_aiLcl 

L_u^£c. tji jot a ^Uo_ 2 jl jj L>a JlUt. 4.ln^>4jLLliU 4-^LIaJi 4 _i_4_^ dQ r ^jj E^_i j.c. 1 Sjl 

La^-t-oia 4 _lxi^5L*J I 4j 1.4-*11 <GlkIl ^ jjJLli 1 J^l IjjL^u^ q dS (jr ijjla s $\ ^-j*lJl (J^-^J J>j JlIc 

.^UalU 4 nl La. 1.1 3jlj->Jl 4 jvj_} ^ic. 


dS = 


dQr 


(8.19) 




T u^JLP^ 1 J* 

(j? Ej^_uj_C ( JJ5 till C-u_>.j .j-Jt_t^JI 4_jjfcl_JIL>a ^L-jLy.tJl q)£ 4J1jIj 4_>»jJ> LLua^JLs! *xJaJ 

^ iina) (jr^- daJLS -L 4 a.*j 4 jSa xl 1 J^C>. j—l kit 1 1 <jp3 .4JUJ1 4Jlj 

.(j^LLxilJl ij^i ^UaJJl 4_*_ul ^jJl jLciili (jr ic. Jl4jju^? ^ 0^*3 4jl^-lJij 4j|juJi 


jLujj 4_j_t.'LLo 4jj) (i xU 4^UaJ! ^jLj dQ r 4_piSJI T 

d(2 r tjl-5 4J9LI3 tjf^u-a I jJ3 jilaal 1 4jf^ ^! *(_>" J~^~ 

.j*Ui_cU ( j r _!j^Iu , ^l 4 _JL_u ^1 lxUt ( j J a _XB dQ r 4^Hall dul^ 

t a ts~tj -lie. Cilli 4.i ^11 /jlii . ijr -S J±rj\ {J-J <_3j_*3^f 8.19 4Jj)L^ (j\ 

^3 J^JL-O-A .1-4 ^ L^L^l J^JL^ I £_L-U3 JLal .^yJJ^Jlj^l ^y-3 j_j_jLjji 4— l^LuxLlj J \ 4 iLc.*11 

4_Jjl^tILji 4_uLuajwVl ^ic £-A Cjjljijl J Jb 4. ~ c^c A > 1 V] .4jjI^_>J1 

Liijl^u i-k.u3i4__uLt^x^'^l ISLuHLH! (jy-3 ,t.»1 4 _Lju C^I^lC. i 4_uLi^3_>-V 1 i^-u l SH-4- 11 

^ In <11 jjl 4_>JLkl,l ^JL^J 4_ia-oC-uVl ^jHlIl .4 jIxj^>.j 4j1j jli ^jl is\ -wVl all 4JVju jl^il 

Jj i iu Ju>-U .j*lla-j5UI ij_$l (j-ul j ^ <0 j-A j Disorder ^Itnill ^j^c. J T ya-i 4 JjJjl11 

4j^LoiI> 5 l £~i C„j-uj Cj\$rr~ta 5^jstjKjl jH-ll t ^jl ji 4^1 j-A jLiJl Jlill 



ISLiaUjdHj ISL u lSL d t - tlij jatJ 


JJtU 4-$J5to>3J dii-l 4jjl t U J.A 4pi g^rli.-Q joVl 4. .4 1 11J jL-oJ i 3-2C-1 4^ -3r~< <aa 
L$ul Joj e3j_<-u oLl^oJi OjIj J_5 dJu! j_l4 . Cjj J_>J1 jM-C. IjLA ^jl Vj . I Jo \ t\ IVi '< 4 

lLjj-^Iu 1 ^ i>Lt i4 ^ol J_*_> 1 jfif j-LM 1 ^ j ^oLuaJu CjL&IojV! ^_l<o- ^3 Lul^Tu.r. j-dj-rtlu 

- ^ 1 in >>U i g~i i A i i J *Jb . U ^O 


di^Lo-ll j-g-q-^Jlllj 4 _!j ^ j AiJ 0j I in 4j (\SL<VJ ^LLiaJJl ^ JLX- ^OU ^Jj|^_Jt_l,i lajJl 3^-' a C_r^ 

i—(2_uoj 4 _u^£Lh; , 3 j$A 1 4JloJl_3 .^UkjJJ 4 _uj£L_oJ^^U,I 0 VI 0 J Ij 4_u^ fC A-ujj^wJ. 1 

t * 

ljy S jUJl CulujoJ 4_c,^_i^Jl CjL^?c_!Lo /^c. ULjLl-u i-a-Lajl\ ^liLg-3 ^LLaJtJJ 4u^£Lli 3jj_d_LU 

4_t_jij-JLtJ 1 4 _£ju>J1 4-l»_3 1 j 4Ji_>Ji i4-£Jj£~ujAj£<±a 4Jlo ^J! j 1 Jo- 4-cfciIu.a S^useoJ! 

J-U-Ui 4 -v.j ^1 kill 4_!I—>. { g^juo^ 1 4i .^Ika x 11 ^-L-C 4_!Lo 3^-^ >■ * — 45 4 _!Lo ^_<S> 

^3 «b.j3j 4^UiSJI^ lLuLloJI 3-^° 4-j-j^^\ l Jl>3 l jLi. 1 ( L$_t3 Jl^.4 t h_l3 4_u^SL- uj^^LU 

4x. j^_>a CjLuJ^O. . 4_3^_*Jl ^3 CjLu)_oJ L-<J—$-3— m \ i]juJL>Jl 

aOJL>Ji ju j-LCJ (jS l / \K aj VJ . 4_ z uj£Li_u^j^L«3 4 JI 0 L;t -4i 4 tVi 11,1 4-^lXJi £.1^4 4_5 j_*J 1 ^^3 ; ..*tILi 

Ioj 1 3 >4 jJl ^jLxIloJLb . 4 —ui CjL_uL_i3 *IjoL> 1 a£ iC CJjJoJi ^ uJt 1 u^jSLaI .I 

. 4-u^5li-uj^^UL 1 4-oLiJ 1 ^jLl^jLtjilLa 


Lfiij i 4-U i- a 4 JL 0 Jo ^jl ( jji 4-UJ^ I-UJi^^Lq 4 JL 0 

4_jj^ i<I oVUJi <jJJj \ 1 t^xsc. 4jl ^?j . JU^oV! 4ojJ ^-u-oj I 4 ] 4JL$mi 4^^SLt_u^^Ltii CjVLoJI 

di^L>JI ^_j_q_o ^j] 6-OJ *^\ JIjVLo j. '~l ^>\ 1 ^ \ ^ JL.C. CjVLo (jl J- ,'xj.uu 4l£Lclt 

4ojUs 4_jjjL3Jl 4-U1 5JL>Jl ^ojVi 4o.jjJl 11 3 i \ 4-LcTLJt-xa 4 _u^£Lloji^u-1 \ 


4_ulu^ J rtlj o L uLtutil .^-x!i£Ll! L^-Lc Jo4j! C< l> 4_^l^4llI ic. CjVLoJ I ^yi 4_u m j^SLpa 4 JI 0 . 

4^^^U! 4 JI 0 JI 3-5c_j 4_j i_LxoJU il^ a! l^} 1! 3xoi (jl 3^^° Cj Jou ijr !iJ! 

4j < t^-L L^oj ^llnj.11 (j! 11 , Laliiu 3^Vt Lxiulj VL.c-ol 4jl_>Jlj . VL« Ttol 


jLijjVi 4 JL 0 J 3j-IiLiU 4 _u^5v. tli>} 4JUJI li-l^p-To 35 ^? - t -*-^- 35^1 ^j^Lc-jou 

3^-^-J 0^ *41! j J j I.t ~t!l j ^ <j*U^iIi ^.JuulI l jjj\ J a a Ij\ CJ_iO-^ . ^LIo_Lil ^ J_C. ^^3 

1£u_aLu jJJ C7 jL 1!I (j^jLlLI jol ijjij ♦ 4—i 3 ^ d,>iTI £ji uJL» ait ■>» ^3 j^SLJLI ^yj^JuVI 

. dLMjj L yu 3^^ uW u^-^j 


4 3 Lulu lj( Jl2_4 (-< T (jl {Jy4 fjf 3jg i (jl LUtJ 3 J JL^Q 4 ^tl^t I ^JjJuVi <jy 3 J J>* 3ll t-UA 

(jjj T 3ji^o (jr^ ^Uaili LxsJlUI 3jlj->Jl 4 U < <'1^ 4Jj) 3 <U 4_3LLaii ijr A t^l * 4_>slx. 


: y& 4_uL^lIU 4-uljuuVI 4JL>Jl (jy 4_l^^ji 4jl^r. fjy 3 (jy 3 ^uJuJl 

(9.19) 


A,S’ = dS = f — 

Ji Ji T 


(z*D 




\ ISL u U u d U ^IiVt - t uWf tj&c 


^uu <1 ^^jvl (jyit 4JL>- Sys JZLb ^LLaJj AS yst xaH 4_u1>LlLo CjLlLi_ji JI^L^ 

Jl ^"i *2 ^Uai] AS jjjlj>JLI j. -uloJI ^\ ^ruiL>JI {yu dajjj cjIjL-oXI jl jl nil 

LLuju-o L-u^Slc, ljl_i>a_a jLlit-s UjjJ (3-^1 ♦ 4_ijIjlLjVI ^UlLv ^^>1^^ylx. ^^3 

4 l-cuJJL i^-_u3uTu 4_ul_^Jil^ 4_ul JlJuVI 4>ljL>Jl ULL> ^ 1» all jLt-a-U ya ^Ju ^jq^JJj V \ .n_Hl 


4_<_u^£Lx 4_uLu_il 4_i_L}jk_3 ^13 ^HaJj ^-iyyh'Al ^_pe-uaJI CjIjLlL>-VI £Jl& ya 

AS>0(^) AS=0( v ) AS< 0 (I) 

(j\j ^aii 4 jj1^j>nJI 4_fl ^5 CjJl^>o ^I ^£s j-tiUJl 4JL». JUwLL_u 

Q c 4_^Uail t j-4 ^L^JI <«U Q h LajJlB 4_^LL> 4_!V1 SJljxIj 3j^_i ^£1 . T^ j T^ 

^jlij jj-a 4-JV1 *:Lul CjJu>u 4-^LLiil oVLaJu^M lIUGj . ^jL_di ^oyL^uH 

4^o^ix. jjyi ? * > j! jJx 9.19 4JjL*_>a ^5 J^LSHI 4_^a^Lx ^Jx 3 4Jxjl_aJi Sji^>Ji 4^>*jJ> juxj <jl LlISLoj 

: yJt 3jL>.tj eyyjA ,_ 7 j 9 ^-lSLjl ^_JuJI . Sji^>Jl yjjlo Cxixlul 4^lkJi 4_xif> 

Qh Qc 


AS- 


T h T c 


Q c jJljjV Luj CUx>*j 1 _AJl2_3 Jl3 4 J 5 LL-x.fi i j T x*] 4J^LjlU 4_JLiaJi 4->o^LjkJij 

^jf 4Jl yy 2. 19 ^jLi-4 Vly J<i4 4^1^! 4JV! ^^i jyCu-i L-o^Ux. 4 -xs>*ya 4_i.a^ L^j! ijT ix 

(>, '/;. 

ft 7; 

^ JT Hii 4JV fi j-l t~Ji Ju>o AS 4 JjL*_U (jjS 4^3c_l 111I i?J_A) Jiitlu-ulj 

AS= 0 oj^jA ( jr >5yo'$\ yS ^-iAlli) y'a*-^ iS3^-^ ur^ 

4Ji^ ^jj Cllv . 4 . uy\c ^3jj_> C.^lu-A ^ 4-3jj Ct -fc»i ayySj ^l_5 ^LLu 4JL>- J_>-Lu_u 

4_<slx 4x_ixu j . 4_gjjJk. AS= 0 1 j r< ju-lm . 4JLv i _ r L^- >-L^ 5.4 4~<*f J^J i 4 JLv 

: ^JLiJl _^tlfl ^^ylx 4_t-tX>i-jJ 3jij^> (2>X. J-XJLJ (_5j_t_u 

dQr 


* 

o 

. 


0 


(10.19) 


. 4iii<i L)^ J- 1 ^ f 


(^niUjUl] ^LXoLuuVa I m 2L mjSLal I 2Ll1 »jJ( 
Quasi- Static Reversible Process for an Ideal Gas 

T- 4xj1 JlIj! 4_JL>. l y J a 4 j*\ j < »1 4— t_Jo 4_i_u^$x. 4_ji^.jti LjJLLc ijlx y=>y ti 'i < u 

jLill {jy^ j>j ♦" fi i-—jLlxv u_}jlLa_Uj Vj Tj oj\j^- 4j>.jJ jAjz. 4jjL^j 4JLv i V- 


ISLu&iW- 


AJjLlII .ijJoJl C-aJjOJ 4_djuaiAltJi 43 j^_ud 4jjt^>JI t£_t aLxjjdi (jjpLxiJl <_ C&j 

dE- mt = nCydT (12,19) 4bU_* <jl c^j ^Lilt 3 UU dW = P dV r<^ dQ r = d £j nt + dW 

4.1-xi-ulj-j 4 Jj.3 <11 4_^LLiii ^j_c j. o-i ji.‘ ill 11 <5v 4 ; i ^3 £ = nRT! V t j_4^ 

1-4^ 4_Jl4J»J1 

dQ r = <i£ int + P dV = nCydT + nRT~- 

VI V jT ^jJ^xjlLa ^lc* ^_l>»VI Jwj>JI jl cii-t.-v- ^JL^Jl l^Kilu 4_l JsLjlU oJlA, i_U£Lc->V^ 

jva Jo- ^-l iQj.in T jljJHU (_ jr b- JjJu>Jl Lx. 4 1 « Lul 

. j.ln fl4 Jl >-\J j-AlLiA 

(11.19) 


dT 


dV 


= nC v — + nR — 
T T V 


^j l^\j-u^\ (11.19) ibLdt J-tfiy J^ol! jmI. 1 (> Litt IjljL^ c v U^t lit 

: jl Ju>u 4_A1 ^x!l 4JUJ1 


AS=f: 


fd YY = nC \ n 1l + n R\ n Yl 

T T V 


(12.19) 


tfLul^l!!^ tfLutjCuVI jOJL>2l (j7 Jx. bJLs . ba~*3 AS j! LbL-u La Llx^Lj j\uli 4-3^L*Ji xjJlA^ 

Jl AS jl j£-4-J 12.19 4Jjbua {J ^ 4_it Ltjul > lr\ jCxJL>J! jul-A j \j jLxuii! (jr^ Ju4j-»3Vj 
4_2-4- * JI (jfS jjl 4_ul £i\\^ 4_Ai jJuVI juJL_>Jt ijy S ^4-13 ^1_c xilb JuaJl4 jJLx_u 

jS^ji Ijla^ ^jl.-x«u AS jl 12.19 4bL«_A j~a j^j Vj—V j- yT*=Ty Lg-La jjfb ^^311 4 -jjjjlII 

.State function. 4JUJI J\jj ^ ilL 1 o? cr^ 

iVt - ^yjg^IuVt 6.19 Jli4 

^-aJuxll U-X x-u 3»| (a) T 4_^>-jJ JUC. ^ ^ inilJ Zy jl ^ X^1.)^LJ 4_Lol£[Ji 4 _l 1.<^> BjLxi 

. m UjJ^ 1^X4 4_LxfT J^i4n La.lb. ojlll x>JU^J 

4JUJ1 <>JlA . <C_l ^ £Lc. LijLjJlc.1 JlJwL-Jj 33°-° CI<-4J jl ^ ^ )VI 4_JLcXi (ji 

4-l4l£J! 5 j!j_>J! 4J3Ljl^4j 9.19 4JjUI 1 ^Iwbr" tiiLj *T fn iS3^- L ^3 Alutij j 6* ji Tx.r.l {jS-^ 

ju>o Q — ftiLj- (6.17) in 


mL 


7 


A S= f^- = — fdQ = — 

J t j' J r r r r 

1 1 m 1 m l m 

A S ell! J_£ <Ir> J vV i4_jJLo^jj^j| 4__2 a—»JI ol £j£LaJU ^j-a <Lil 

oLuj>i>Jl tl^J jl JuLa J_bt| 4 31 ^> bba jL^juajj sic. 4 j 1 ^.Iaj ljufcj . 4 .^ 4 .^ 




(wT) 


l& u U j i A l f ti yjj^LiVl - I*jYYI j jm£. %-wUJi J*adJl .\’: > ' : * i ■ 

^ J jLj AS Y! ( _ r 3 j-jJt-llI <Lij>-jJ.1 4 A-j ,4_iiuaJt 43L>J! 4-J.C. L-ioj^j ^/sf 

I3j J.4-?r-oj dox^Jil da_<-ujJ! ^1\ LgJua LuLalj L^dsLL ^Jx'ujV 4-LjI *«11 (Jr £ 5jll! dlldS 

y^£> I j^nuii diJ3 dJ_*3 

. j$.iso m LaJuix. £-1111 ^j_4 i_^*Sl ^3 ^-utUll 4 ^c_l3 jJ 3 ( t — J ) 

^j^ SLu ,u u_*_*SJli ^_3e_>. . jIia ji-du 3 4x.^Luot ^JS ^y.. la ;*•_till (. < t 

.3.33 xlO 5 ^JtiU ?M-1 4_i.olSJi 3 j 1^>J1 jostle 2.20 ^Jjjirv (j^ 3 30 § 4dbSj 30 cm^ 

:(ji JL>o (l} JIJm-^I {y£- {J ^£ ^-dlll £Jufc J^L>.L} 


AS = 


mL f (0.03 kg) (3.33 x 10 5 J/kg) 


T 


273 K 


= 40J/K 


ENTROPY CHANGES IN IRREVERSIBLE PROCESSES 

jLxJll <\C- djLa^Jjua is\ 7< a j ^^3 y jJl"31 uLu.> <jl Ju>o cJlj^_*_11 IJLlLs 

diLjLc-JkJl ,^3 ^jjJjYI ^^3 j. -utllll >_>L.m_>J. 4 _ij 1,^ ilij 4_AljLliYI (jlj-jYI j^^UlLv. {y\y i_Laj^_j ^jJl 

4_3Lk]| ^LL-i ill 4JU >.lr\ a °i Jl^Uju ^jj^-joYI <jl ^Sjdu i_ou ^4 _*_u^SjiJI y-y? j 4 _lJ1_l^i >Jl 

j I? "t ij LaJux. iJ7 _3 j-j-Jl_jJ 1 (jl_3 o-^J t4jL_>Ji (Jljj ya 4J|j yJ*> ^-lyySi-i ^ 1 (j! ^ I ^4 j l^wl jJI 

4_qjj ^ i 11 4.11 >Jlj 4—A1 Jl/IjVI 4J1 >Jl ^If da-fl 3 j 4-1 .* j {yA ^oJL^>- (j ;i ill 

.4jj^_>JI ISw^LbaU ^lil! (jjjLill £-a 4j| 3 <_Ltlj^ (1>^S ^jl (jl Cy^ ^^ill 

oVL> Tya ^/d!L>. 4_i_ujSl*JI yy?- CjLtLc-fcJ! i^JL^j .^£1 ^3 y j»-T l? 1 <—u_3^-»-« 

i—i..a_u_7r—> ^ £jaH1L>2! ^ m. Jut (j U 4 l^_SLa 2I CjLtL^jJl ^W« 4_C.j Je. >a jl^ 4 4 _j.Lq_T. ^jI^jVI 

Ur^J Qc^i J-l 4 ^ U^- 4 ^ 4 J ^ 4>V 1 4_^^S.»11 j> .xc. Cj \ « !1 {j ^£ .4_^u^£L*J1 4 A* «U AS—/ A QJT 


j-t;:Jl uLa> JuC. t^ol jd^lL-ul yjjxy I 4_laSJI i?-&3 Q{5 ^ A »j> i l / jr 3 4,ldTi.i 11 4.^.1«gi 1 43LLJ1 

J* 

Lu>-^-* LuJ lLioJkII Lo ^Lkil j-jJuil t^lltll JlAil ^_yA ^yJixM l_4^ 

y j r. CiLJL4jdl ^3 ^l.l\ ill ^JX (TyQj 4_xaLx. 4^1 . 4 _^u^SLjl1I j.X Cjl_Jm_»Jl 

4jjlj^nsil liJ lU ^LUl jj^jLnJi ^luxi > LojIb tjLiuxVl t _ ;r 3 tiU3 131 .4_i_t^£L*Ji 

: ^ 

do IS liij dll 3 ^1 4__4Ld>^lj . Jxj qI ^S«4J^/ ^-LJLJ 4jU tj (_$jJI Jjjjoo ^Ua jl ijT lSJl 

t4_i_u^SjJI CjUUjJI ^^3 Lai . L^jIj ji Jsj>j ^Uo-ll U K1I 31 1 V ir <Lcu^SLc ^>o-C 4 jLa. til 

* c 

. LLIj (JlaJ ijyyjua ^>1 IVtl <Jf lSJI ^jl3 



ISLuLbJJlj t SL u tSLdi - JfjVl fJjeJt) 


(jr 3 3^L^JI ^jj ^-^jCu (ji iWi-ufrJl ^jX. ( _33' JL '‘ a j. X ^LLxj ( *_a ^J^q L x T u UsJUX. 

La ^i L-uJ 4_t_u^X. j.i C. 4 AtjC CjJL>o La JUX. 4_j «. L>j>LL 1 i]n < ^LLa-tij yJb ^jLiJi ^jjjUaJI ^^^3 l^Ic j-itJU 

(j.^>a> ^j_a I a A>^^3 <jl-5 uUj >Jll Jo-o/jJ! <^X. ^o_X 

J-J-C 4, L A.x j A ts-> r^Ji j-£ 1 <jj£j U*i Uj£U cr^jLH- 5 ^ LT* J -±-* ^ 0* < ?~ l ' ^ ; “ J l>*3 ‘c^^Ah 
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